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ANNOTATION 


In  the  collection  ore  reports  heard  at  Scientific 
and  Technical  Conference  on  Additives  to  Oils  and  Fuels, 
devoted  to  the  synthesis  of  detergent,  antioxidant,  anti¬ 
corrosive,  antiwear  and  other  additives,  investigation 
of  mechanism  of  their  action,  methods  of  investigation 
of  effectiveness  of  additives,  results  of  laboratory, 
stand  and  operational  tests  of  oils  and  fuels  with 
different  additives. 

Contemporary  tendencies  in  area  of  development  of 
machines  and  mechanisms  and  requirements  presented  for 
quality  of  oils  and  fuels  are  briefly  illustrated. 

Collection  1s  designed  for  workers  of  scientific 
research  organizations  of  petroleta,  machine-building 
and  other  branches  of  industry  occupied  with  development, 
research  and  tests  of  additives,  engineering-technical 
workers,  producing  additives  and  oil  product*  with 
additives,  and  also  for  engineering-technical  workers 
of  machines  and  mechanisms  and  use  of  oil  products. 
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PREFACE 

Increase  of  quality  of  pctreleia  fuels  and  oils  is  a  problem  of  great 
national  economic  value. 

The  most  economically  expedient,  and  in  many  cases  the  only  possible  method 
of  solution  of  this  problem  is  addition  to  fuels  and  oils  of  special  additives. 

Production  of  additives  has  been  developed  here  so  far  at  an  insufficiently 
fast  rate  and  on  insufficient  scale,  and  assortment  of  additives  is  still  very 
limited. 

'•4  •  , 

During  the  last  few  years  different  scientific  research  organizations  have 
develope  1  additives  allowing  us  significantly  to  improve  the  operational  properties 
of  oils  an  .  fuels. 

» 

Croat  experience  of  work  of  engines  and  mechanisms  on  oils  with  additives 
has  been  accumulated. 

Theory  and  working  hypotheses  have  been  developed,  which  give  us  the  possibility 
c :  i  lairing  mechanism  of  action  of  different  additives,  and  new  methods  of 
la~.r  :ory  appraisal  of  quality  of  oils  with  additives  and  installation  for 
simulating  work  ^f  oils  in  friction  assemblies  have  been  created.  All  this  great 
experimental  material  was  generalized  at  All-Union  Scientific  and  Technical 
Conference  on  Additives  to  Oils  and  Fuels,  convoked  on  initiative  of  GhlJC  SM  SSSR 
i  (State  Scientific  and  Technical  Comittee  of  Council  of  Ministers  of  the  USSR), 


l 


Central  Administration  of  NTO  (Scientific  and  Technical  Society)  of  Petroleur 
Industry  and  Leningrad  Council  of  National  Economy  in  June,  I960. 

At  this  conference  works  performed  were  sunned  up,  and  ways  of  further 
increase  of  production  of  additives  and  direction  in  area  of  synthesis  of  new 
highly  effective  additives  was  outlined. 

Transactions  of  conference  on  additives  will  be  usefal  not  only  to  scientists 
of  petroleum  and  chemical  industry,  who  create  new  additives,  but  also  to  wide 
circle  of  readers  associated  with  the  production  and  application  of  fuels  and 
lubricants. 


Editorial  board 


CONTEMPORARY  REQUIREMENTS  FOR  QUALITY  OP  MOTOR  OILS 

It.  N.  Flrsaaon 
■ATI* 

Requirements  for  quality  of  lubricating  oils  for  different  internal  combustion 
engines  change  depending  on  a  lumber  of  factors,  for  instance,  thermal  state  of 
parts  lubricated  by  oil  and  temperature  of  oil  in  crankcase  frequently  connected 
with  this,  quality  of  fuel  used  from  the  point  of  view  of  content  in  it  of  sulfur, 
tarry  substances,  fractional  composition,  certain  peculiarities  of  construction 
and  material  of  parts,  operating  conditions  and  course  of  working  process,  conditions 
of  operation  and  care  of  motor,  period  of  replaces  r.t  ~ *  oil  and  so  forth. 

One  of  the  most  Important  factors  determining  behavior  of  oil  in  engine  is 
thermal  state  of  lubricated  parts,  influencing  both  physical,  and  also  chemical 
properties  of  motor  oils. 

Range  of  temperatures  at  iriiieh  lubricating  oils  work  in  motor  is  eery  wide. 
Lubricating  oils  should  ensure  normal  work  both  at  moment  of  starting  of  cold 
engine  at  temperatures  reaching  -40*  and  below,  and  during  wortc  of  heated  engines, 
temperature  of  whose  piston  in  tone  of  piston  rings  can  reach  200-300*. 

•State  All-Union  Scientific  Research  Institute  of  Tractors. 
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To  guarantee  easy  starting  of  engine  In  winter  it  is  necessary  to  use  oils  of 
loir  viscosity  at  low  temperatures. 

In  Fig.  1  are  presented  viscosity  and  tenperature  characteristics  of  native 
(Soviet)  winter  and  foreign  oils,  indicating  good  properties  of  oils  SAE-10,  all- 

t 

season  oils  SA&-10W/30,  SAE-10W/20  sad  others,  prepared  with  the  use  of  thickening 
additives:  polynethacrylates  and  polyisobutylenes. 

i 

Study  of  influence  of  these  oils  on  starting  of  diesel  engines  TaA&4Dt  (Fig.  2) 
and  DB-30  showed  that  with  the  use,  for  instance,  of  all-season  oil  SAB-JH/JO, 

e 

having  100*  viscosity  dose  to  the  viscosit/  of  tdl  S3,  but  very  different  at  -20*, 
aoneat  of  resistance  to  idling  is  2.6  tines  less  than  with  use  of  oil  of  industrial 
50. 

In  Fig.  3  are  given  data  of  KAMI  (Central  "Order  of  the  Red  Banner  of  Labor” 
Scientific  Research  Institute  of  Autonobiles  and  Autonobile  Engines),  showing 
"  makers  of  turns  developed  during  starting  of  engine  YaAZ-204  on  oils  with  different 
viscosity  and  tenperature  characteristics,  from  which  it  is  clear  that  oils  with 
•  high  index  of  viscosity  ensure  developnent  by  engine  of  significantly  greater  timber 
of  turns  under  the  sane  tenperature  conditions. 

Starting  :  a  mater  of  tractor  diesel  engines  by  starter,  oaarhrtei  by  bffl 
In  different  winter  conditions  without  the  use  of  preheating ,  could  be  carried  out 
in  the  case  when  viscosity  of  oil  at  the  test  tenperature  did  not  exceed  1000-5000  cs. 
Inearth  as  at  the  wnrnt  of  starting  of  engines  and  work  of  little-heated  engine 
ths  g: - 1'  at  magnitude  of  wear  is  observed,  on  tractor  disssl  angina  D-2S  an  attanpt 
*.  j  select  the  opUson  viscosity,  ensuring  least  wear  of  sleeves.  It  wan 
found  that  for  Uus  engine  oil  with  index  of  viscosity  near  100  and  viscosity  5  cs 
at  100*  gave  the  best  result.  However,  during  work  of  engine  la  winter  conditions 
wider  nominal  load  conditions  the  least  wear  was  obtained  on  all  with  viscosity  of 
7~g  es  and  index  of  viscosity  near  100.  Therefore  in  noma  for  winter  oil  it  is 
necessary  to  Introduce  value  of  viscosity  at  negative  tenperature  (of  the  order  of 
-»•). 
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(b)  riwi^jr/j,*: 

fjj,  i.  fbessltj  and  teaperatura  characteristic  of  winter 
<>n«  (ntiw  (Soviet]  and  foreign).  Oils: 

1)  Op  »  2)  SAB- 1CW/30j  3)  AKZp-10;  U)  DSp-8;  5)  SAE-10W/20; 

6)  SAK-XV|  7)  SaE-SW. 

KSTt  (a)  Viscosity,  cs|  (b)  Temperature,  *C. 


It  is  necessary  to  oot«  that  according  to  available  source  material  [l]t  oils 
with  high  index  of  viscosity  are  consumed  in  no  tor  significantly  less  than  low-index 

oils. 

for  determination  of  optiaoei  level  of  viscor:'  is  nece*sa*7  t©  consider 
also  the  Index  of  vinoosity  of  oil,  since  oils  having  identical  viscosity  at  100*, 
with  high  Index  of  vinoonlty  sonetiaes  will  not  be  in  a  state  to  ensure  necessary 
thickness  of  oil  film  at  temperatures  of  50—80*,  which  can  be  observed,  fbr  instance. 
In  bearings  in  Initial  period  of  work,  during  work  on  mall  turns,  etc. 

fmetice  of  work  of  motor  and  tractor  diesel  engines  showed  that  oil  with  index 
of  viscosity  stf0%  with  level  of  viscosity  near  11  cs  at  100*  gives  satisfactory 
results  during  operation.  lesults  of  introduction  of  oil  DSo-11  with  index  of 
viscosity  near  i0  new  still  are  not  generalised. 
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Fi|.  2.  Dependence  of  noment  of 
resist* nee  to  idling  *#.*  engine 
YaAZ-204  on  viscosity  of  oils 
during  its  cranking  by  starter. 
Oils:  0  —  industrial  50; 

4  —  sulfur-bearing; 
x  —  AKZp-10; 
a  —  AKZp-6; 

A  —  SAE-5W/30, 

*  —  SAE-5W/20. 

K3X:  (i)  Ih*b*r  of  turns,  n,,_; 
(b)  TUccitj,  *” 


Fig.  3*  Dependence  of  number  of 
resolutions  of  engine  YaAZ-204  on 
viscosity  of  oils  during  its 
cranking  by  starter. 

Oil**  0  —  industrial  50; 

4  —  sol  Air-bearing; 
X  —  AKZp-10; 
c  —  AKZp-6; 

4  —  SAB-5V/30; 

«  —  SAE-5W/20. 

KETt  (a)  Moment  of  resistance, 
kpi;  (b)  Viscosit/,  cs. 


Abroad 


r  oils  for  diesel  engines  oils  SAE-20  and  SAE-30,  with  level  of 


viscosity  at  98.9*  ar.  widely  used,  equal  respectively  to  9.4-12.1  cs  and  12.1- 
14.6  cs. 


A  a  result  of  study  of  theraal  conditions  of  a  number  of  native  (Soviet) 
carburetor  and  diesel  engines,  it  was  shown  (Table  1)  that  tenperature  of  upper 
part  of  piston  head  also  in  sons  of  piston  rings  of  such  ezines  as  ZXL-121, 
GAZ-51*  KZItA-401  (2)  is  significantly  lower  than  diesel  ezines  D-54,  CMD-7(D-35 
and  &»38)  and  CMC  (3],  especially  if  we  consider  that  autonobile  eryines  of 
passenger  nachines  work  on  the  average  with  load  of  30-35*,  cargo  machines  60-70*, 
and  tractor  diesel  engines  70-90*  of  rated  power. 
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Table  1.  Temperature  of  Pistons  *  9*15  n/sec 


|  Temperature,  *C 

Engine 

Upper  part  of  head 
of  piston 

Crosspiece  of 
first  piston 
ring 

Carburetor  engines 

ZIL-121: 

at  Ft  -  ICO* . 

198 

190 

at  Pe  "  60* . 

175 

169 

CAZ-Sli 

at  Pe  •  100* . . 

192 

187 

at  P9  *  60* . 

170 

164 

KZMMiOlt 

at  P«  -  100* . 

137 

180 

•t  F,  -  35* . 

Mass 

162 

il  engines 

147 

CHS: 

at  P9  -  ICO* . 

338 

CXD-7: 

at  P«  -  100* . 

226 

First  piston 
groove  210 

at  Pe  -  90* . 

205 

180 

B-54  (cast-iron): 

at  P#  -  100* . 

335 

237 

at  P9  -  90* . 

325 

23 2 

IX- 54  (altasimm) : 

at  P.  -  100* . 

255 

210 

at  P9  -  90* . 

250 

206 

\ 
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Daring  forcing  of  carburetor  anginas  (increase  of  number  of  turns,  increase  of 
degree  of  compression,  etc)  the  temperature  in  engines  of  new  models  in  conditions 
of  operation  significantly  is  increased  and  from  this  point  of  view  conditions  of 
work  of  oil  become  close  to  conditions  of  work  in  diesel  engines.  Therefore  abroad 
•11  is  selected  depending  upon  conditions  in  which  it  is  necessary  to  work  the 


engine. 

Thus,  usual  (regular  grade)  oils  without  additives  are  useful  for  conditions 
of  work  designated  usually  by  letters  XL  and  characteristic  for  low  stress  gasoline 
engines,  not  possessing  any  design  features  causing  formation  of  deposits. 
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Oils  of  first  grade  ( Prestos) »  latcndad  for  wit  la  htaiitr  conditions  (5*0, 
vonTalr  antiwear  and  antioxidant  additives ,  preventing  formation  of  deposits  and 
eorroelon  of  bearings,  caused  by  high  temperature  of  oil  in  crankcase. 

Heavy  duty  oils  are  intended  for  diesel  engines  and  gasoline  engines,  working 
in  heavy  conditions  (MS)  and  containing  both  detergent  additives,  and  also  additives 
preventing  fbrsatloo  of  deposits  and  corrosion  of  bearings  caused  by  fasl  used  or 
poculiarlties  of  construction  of  engine. 

Use  of  diesel  Ael  with  high  content  of  selfar  and  heightening  of  thermal 
conditions  of  diesel  engines,  and  use  of  pressure  food  nake  it  necessary  to  create 
additional  types  of  oils,  designated  S-l  (Supplenent  1)  S-2,  and  S-3  (Series  2, 
Series  3)  and  Intended  for  very  heavy  conditions  of  work.  DC  and.  DS. 

Oils,  intended  for  conditions  of  work  MS,  pass  tests  on  standard  diesel  engine 
Caterpillar,  working  on  ftiel  with  content  of  sulfur  of  0.2JC.  Oil  S-l  is  estimated 
on  the  sane  engine  with  the  use  of  fuel  with  1%  sulfur;  oil  S-2  is  tested  on  engine 
with  pressure  feed  (ID)  and  on  fuel  with  content  of  sulfur  of  l£;  oil  S-3  passes 
testa  on  low-sulfas*  fuel,  but  on  engine  1C  with  great  overload. 

In  Soviet  Onion  until  now  nethods  of  rating  oils  on  special  engines  still 
have  not  b *  n  standardised;  as  a  result  of  such  a  situation  it  is  difficult  to 
ostlaate  reliably  the  quality  of  oils  and  correctly  to  classify  oils  with  additives 
with  the  help  of  sotor  nethods. 

At  RAT!  there  was  created  an  Installation  for  tests  of  oils  (UXH-KATI ) , 
cc.:  *  3 ting  of  specially  equipped  one-cylinder  engine;  dimension  and  type  of 
c-.-L .  *tlon  la  It  correspond  to  diesel  engine  D-54  (4). 

Tests  of  different  oils  for  clogging  of  piston  by  deposits  during  work  on  fuel 
with  content  of  sulfur  of  1%  (Table  2),  conducted  on  installation  tJDMUTX,  showed 
that  oils  withoet  additives  and  with  tech  additives  as  and.  1-4  and  asnli-tslatln-1 , 
just  like  foreign  oils  of  prenlue  type,  are  not  useful  for  work  in  diesel  engine 
with  the  eae  of  sulfar-bearlng  fuel. 


Table  2.  Appraisal  of  Kotor  Oils  on  Installation  UW-HAT1 


Type  of  oil 

Brand  of  oil 

Appraisal, 

points 

Fnalts 

SAE-30.... . 

15 

19 

8 

SAB-10W/30 . 

for  heavy 
conditions 
of  work 

S-l 

Eseoluble  HD-20 . 

S-2 

Simula  oil-20 . 

8 

S-2 

Simula  oil-30.. . . 

7 

fotlvs 

D-ll  ♦  axnii— t slat  im-1*. ....... . 

39 

3* 

12 

10 

39 

15 

19 

(Soviet) 
so  tor 

IV 11  ♦  atnii-L. . . . . . . . 

DS-8  ♦  tsiatio-339  (experimental 
DS-11  ♦  tsiati»-339(experinental 
Industrial  $0................... 

Industrial  SO  ♦  tsiatla-339. .  - . . 
D-ll  ♦  taiatim-39 . 

DS-11  ♦  vnU  np-360** . 

AKZ  ♦  tsiatim-^39 . 

10 

23 

4 

OS-11  ♦  res  -19 . 

DS-11  ♦  MD-i& . 

• 

"Additive  desigrut  :d  by  maker  and  names  of  institute*  AZHII 
(Aserbal^an  Scientific  Research  Fetrolcte  Institute  in  V.  V. 
Karbyshev)  and  Tsiatln  (Central  Scientific  Research  Institute  of 
Aviation  Fuels  and  Oils) 

••Additive  designated  b /  umber  ar  ■  *  >f  the  institute.  All 
Obion  Scientific  Research  Institute  fer  and  Gas  Refining  and 
the  Production  of  Synthetic  Liquid  Fuel 


Development  types  of  oils  free,  sul fur-bearing  crudes  with  additive  tsiatim-339 
gave  better  results  than  coexsercial  oil  according  to  COST  5304-5A. 

During  experiments  with  sul fur-bearing  oils  with  additives  PK5y4,  RD-102  and 
vnii  np-360,  significantly  better  results  are  obtained  as  compared  to  oil  with 
additive  tslatim-339.  Oils  turned  out  to  be  equivalent  in  quality  to  foreign  oils 
for  heavy  conditions  of  work  S-l  and  S-2  or  even  somewhat  exceeded  them.  However 
final  appraisal  of  oils  W  should  be  obtained  after  tests  on  engine  with  pressure 
fesd.  Thickened  oils  of  type  AKZp-10  with  additive  tslatin-339  gave  bad  results. 


10 


Diti  obtained  on  installation  UIM-HATI  will  agree  with  re*ults  of  tests 
nmiihrtsrt  1a  stand  sad  field  conditions  on  full-scale  diesel  engines  D-35,  IV- 54 

and  IW-46. 

fa  order  to  elariiy  what  physico-chemical  properties  are  the  mi  important 
tor  oie  or  another  type  of  tested  oils,  oxidizability  of  a  maber  of  oils  of  foreign 
ft  ms  was  simultaneously  determined  according  to  net  hods  of  Ax&I  and  MM  (on 
Instmnnt  114),  and  tberaooxidlzing  stability  in  evaporators  according  to  Papok's 
method  and  detergent  properties  according  to  PZ7  nethod. 

from  data  given  in  Table  3,  it  is  clear  that  preaius  oils  SAB-30  and  SAE-1CW/30 
possess  (according  to  methods  of  AzHII  and  Papok)  high  antioxidant  properties, 
fairly  bad  detergent  properties  according  to  PZV,  and  also  give  large  deposit  in 
tost  meant  DC-2. 

Oils  for  very  heavy  conditions  of  work  of  type  S~2,  for  instance  Risula  oil, 
conversely,  have  very  high  detergent  properties  and  do  not  give  any  deposit  at  all 
In  tostraent  OK-2,  but  have  sooewhat  worse  antioxidant  properties  according  to 
method  of  Aiim.  Therwoxldlzing  stability  of  these  oils  in  evaporators  Is  at  very 
low  level,  which  contradicts  all  the  results  of  observations  of  work  to  engines  where 
this  oil  gives  very  good  results. 

QU  sssdMUe  HD- 20,  intended  for  xoderately  heavy  conditions  of  «ot%,  occupies 
intermediate  posit!  -. 

Inpelmast  of  antioxidant  properties  of  oils  for  increasingly  heavy  conditions 
cf  %  *k  can,  apparently,  explained  by  the  use  of  even  greater  aoueent rations 
(rescuing  SJt)  of  detergent  additives  in  oils,  necessary  to  guarantee  cleanness  of 
piston  during  work  on  sulfur-bearing  fuel . 

It  is  known  that  many  detergents  not  only  are  not  inhibitors,  but,  conversely, 
set  as  catalysts  of  oxidation.  Therefore,  obtaining  of  good  results,  obviously,  can 
be  ensured  with  optiaro  relationship  between  quantities  of  detergent  and  inhibitor 
to  oil. 
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Table  3»  Indices  of  Quality  of  Some  Foreign  Oils 


Brand  of  oil 

w 

*  e 

4>  0  M 

•H  M«« 

585 

Sag 

Detergent 
properties 
according  to 
method  of  PZV 

■H  5  «  5  ^ 

tj  S  c  ta*» 

K  ♦»  ^  c  n 

O  <r 1  4  fa 

Q  H  l.  Tl 
p  -H  Q  C  J( 

C  O  O.  O  Q 
«  4  4  V  & 

P  e  0  4  a. 

^♦00 

0  v  jfi 

0  .>  v 
c  e  e 

O  E  • 

'H  ♦>  H 

«>t4  OX 

<«  e  »>  < 

E  8.  ap“* 

SAB-1C M . 

1.5 

SAB-20 . 

2.5 

SAB-30 . . 

170 

3.5 

91 

8.5 

S/B-lCW/lO . 

230 

3.5 

g 

SAE-10H/30 . 

2.0 

£3 sol able  HD-20 

154 

0.5 

4.3 

Essoluble  HD-40 

_ 

0.5 

Rirula  oil-20 . 

0 

23 

0 

Rinula  oil-30 . 

11X>  ' 

0 

15 

0 

In  foreign  practice  in  connection  with  this  different  expositions  of  calcium 
or  barium  alkyl  phenols  tea  and  sulfonates  in  mixture  with  *hio phosphoric  and  other 
compounds  as  inhibitors  found  wide  application. 

For  oils  writing  In  moderate  conditions  antioxidant  properties  should, 
apparently ,  predominate  action  of  Inhibitor  turns  out  to  be  sufficient  to  prevent 
formation  of  deeply  oxidised  compounds;  therefore  •„  '  large  amount  of  detergent 

components  is  not  required. 

hmarous  obsermatSmms  of  1WW  and  WKLl  V  showed  that  all  ells  for  autcnoblle 
engines,  working  in  moderate  conditions,  give  significant  (up  to  7%)  deposit  in 
instrument  Dl-2  after  30  hr  of  heating  at  200*,  only  separate  samples  of  oils, 
for  heavy  conditions,  (for  instance,  Sbell-x-lOO)  gave  several  tenth’s  of  a  percent 
of  deposit . 

Apparently,  this  — tbnd  characterises  well  oils  intended  for  heavy  conditions 
of  work,  when  Papok  method  does  not  give  correct  characteristic  of  oils  of  this 
type. 
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Fig.  4.  Appraisal  of  quality  of  oils  by  laboratory  and  actor 
Method. 

Oils:  l)  KKZ  t  NG-102;  2)  NKZ  ♦  IKS  ;  3)  Rimula-Oil  30HD; 

4)  the  sane  20HD;  5)  Eo  soluble  20HD;  b)  NK2  ♦  tsiati«-330 
(simmer);  7)  the  sane  (winter);  8)  industrial  30  ♦  tsiatim-339; 
9)  SAB-30;  10)  Dp-11  (COST  5304-54)  *  tsiatia-339;  11)  Dp-11 
+  asnii-t slat ia-1 ;  12)  industrial  50;  13)  SAB-lOVf/30;  14/  Ds-11 
♦  vnii  np-360. 

KEX:  (a)  Deposit  on  DK  =  2,  %\  (b)  Oxidizability  according  to 
AsNII,  min;  (c)  Coefficient  of  thermooxidizing  stability  (in 
evaporators);  (d)  Detergent  properties,  points  according  to 
FZV;  (e)  Points  according  to  UIM-KATI. 


In  Wg.  4  are  given  results  of  motor  appraisal  of  quality  of  native  (Soviet) 
and  foreign  oils,  obtained  on  Installation  UIH-HATl,  and  results  obtained  with  the 
help  of  laboratory  methods.  Additive  tsiatim-339  sharply  worsen a  antioxidant 
properties  of  base  industrial  oils  (SU)  anc  DS-11.  Apparently,  this  explains  the 
fact  that  oils  with  this  additive  with  insufficient  detergent  properties  (1.5  points 
according  to  PZV)  do  not  ensure  necessary  cleanness  of  piston  during  work  of  forced 
or  strongly  loaded  motor*  on  fuel  with  1%  sulfur. 

V  -ry  bed  detergent  and.  weak  antioxidant  properties  of  commercial  oil  D-ll 
with  addltivt  aznii-4  lead  to  bad  results  during  test  of  diesel  engines  on  sulfUr- 
bearlng  fuel  and  cause  fast  coking  of  piston  rings.  It  is  necessary  however  to  note 
very  great  spread  of  points  on  given  graphs  Dor  different  native  oils  with  additives, 
thieh  indicates  difficulty  of  imitation  of  conditions  of  work  of  motor  in  laboratory 
instrument. 
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Significant  increase  of  antioxidant  properties  according  to  method  of  AaNII  was 

obtained  for  oil  DS-ll  with  additive  PHSya,  giving  simultaneously  also  the  best 

•» 

results  on  engines  tJDf-KATI  and  0-35 »  and  also  not  giving  deposit  in  instrument 
DR-2. 

Good  results  on  cleanness  of  piston  were  obtained  also  on  oil  with  additive 
*0-102,  ash  content  of  which  amounted  to  2.3£.  However  oil  with  additive  VD-102U, 
with  ash  content  of  1.2£,  had  bad  stability  according  to  A* VI I  and  in  instrument 
DK-2,  and  it  is  doubtful  whether  it  will  give  good  results  also  on  UDf-NATI. 

In  foreign  literature  recently  considerable  attention  has  been  paid  to 
neutralizing  properties  of  oil  for  heavy  conditions  of  work,  connected  with 
alkalinity  of  additives  used. 

There  are  data  [5],  from  which  it  follows  that  required  alkalinity  of  oxl 
should  be  in  dependence  on  content  of  sulfur  in  fuel  used,  and  that  for  some  types 
of  oils  alkalinity  of  additive  should  amount  to  1  mg  KOH/g  for  each  percent  of 
melfhr  contained  in  fuel.  These  requirements,  however,  can  change  depending  on 
the  construction  of  engine  and  conditions  of  work;  for  instance  for  ship  diesel 
engines,  working  on  high-sulfur  fuel,  alkalinity  of  40-50  mg  KOH/g  of  oil  is 

Inasmuch  as  we  do  not  have  standardised  method  of  determination  of  alkalinity, 

* 

we  determined  it  by  different  methods  for  a  number  of  native  and  foreign  oils,  in 
order  subsequently  to  establish  what  method  of  physico-chemical  research  appears 
most  characteristic  for  appraisal  of  ability  of  additive  to  prevent  interaction  of 
products  of  combustion  of  sulfur-bearing  fuels  with  metal  or  with  molecules  of  oil 
and  to  decrease  wear  and  bedding  of  rings. 

In  Table  4  are  given  data  on  determination  of  alkalinity  (minus  mg  K0H/g), 
acid  msber  (plus  mg  K0H/g)  of  oil,  obtained  by  potent icew trie  titrating  on 
instrument  LP-5,  by  usual  titrating  in  9b  and  60<  alcohol  with  phenol  phthaleln  and 
with  mew  indicator  nltroslne  yellow. 


ll 


frm  that*  data  it  It  dear  that  at  compared  to  foreign  sample  of  oil,  intended 
fbr  work  on  fuel  with  content  of  1%  sulfur,  native  samples  possess  extremely  unsatis¬ 
factory  alkalinity. 


Table  4.  Determination  of  Alkalinity  and  Acidity  of  Oils 

with  Additives 


.  Method  of  test 

Oils 

Potent io- 
metrically 
up  to  pH  * 
-  9.2 

According  to 
COST  5985-51 
with  phenol- 
phthalein 
(%%  alcohol) 

With  phenol- 
phthalein 
(60%  alcohol) 

With  nitro- 
sine  yellow 
(60%  alcohol) 

Industrial  50  +■  y% 
tsiatim-339 . 

DS fll  ♦  2%  AFB . 

+0.13 

-0.6 

+0.5 

-0.4 

-0.1 

-0.1 

DS-11  ♦  6%  vnii  np-360.. 

-0-3 

-0.4 

+0.3 

-0.2 

D S-ll  ♦  PK5y» . 

DS-11  ♦  NG-IOZ, . 

+0.4 

+0.3 

-0.6 

+0.1 

0 

-0.8 

AKZ-10  ♦  J%  tsiatim-339. 

+0.1 

0 

-0.9 

foreign  oil . 

-5.1 

-4.1 

-0.5 

-7.0 

foreign  o.l . 

-0.2 

-0.1 

-0.2 

-1.1 
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1.  Craves.  Symposium  on  Motor  Lubricants.  ASTH,  fl/III,  1933. 
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TECHNICAL  REQUIRaCHTS  FDR  QUALITT  OF  DIESEL  FUELS  AND  OILS 
AND  RESULTS  OF  TESTS  OF  SOKE  ADDITIVES 


G.  A.  Morozov 

T4UDI* 

Requirements  for  Quality  of  Diesel  Oils  Depending  on 
Degree  of  Forcing  of  Engines 

la  resolutions  of  conference*  it  was  repeatedly  noted  that  in  diesel 
construction  native  lubricating  oils  do  not  ensure  completely  normal  operation 
of  forced  diesel  engines  during  their  work  on  sulfur-bearing  fuels.  Current 
position  requires  reconsideration  of  existing  assortment  of  diesel  oils  and 
presentation  of  increased  requirements  for  quail? ;*  11s  and  additives  [1]. 

These  requirements  for  different  types  of  diesel  engines  and  conditions  of  their 
operation  to  a  significant  degree  depend  on  thermal  stress  of  given  type  of 
diesel  engine  and  quality  of  fuel  used,  in  particular  content  in  it  of  eulfur. 

Thermal  stress  of  engine  could  be  characterised  by  temperature  of  lateral 
surface  of  piston,  especially  by  temperature  in  the  area  of  upper  piston  compression 
rings,  where  the  most  intense  scale  slag  formation  occurs.  However,  similar 
systematised  data  at  present  are  practically  absent,  and  available  results  cf 

"Central  Scientific  Research  Diesel  Institute. 


measurements  of  temperatures  are  not  numerous  a.  id  cannot  be  compared  with  each  other 
due  to  different  method  of  determination.  The  e fore  thermal  stress  must  be 
characterized  with  the  help  of  parameters  determining  the  degree  of  forcing  of  the 
engine. 

Thermal  stress  of  engine  depends  firs-  of  all  on  average  effective  pressure  Pe* 

Degree  of  forcing  of  engine  frequently  is  expressed  by  ratio  of  power  on  one 
piston,  to  diameter  of  piston  Nts/D. 

However  parameter  Nts  /D  can  be  Used  as  criterion  of  intensity  only  for  similar 
constructions  of  motors  [2] . 

For  comparison  of  intensity  of  different  types  of  diesel  engines,  in  our 
opinion,  it  is  more  convenient  to  use  criterion  of  forcing  K^,  characterizing  degree 
of  use  of  working  cylinder: 

A  $  =  P tCmLt 

2 

where  Pe  is  the  average  effective  pressure  in  kg/an  ; 

Cm  is  the  average  speed  of  piston  in  m/sec; 

Z  is  the  cycle  coefficient  (for  four-cycle  engines  Z  -  0.5,  for  two-cycle 
Z  =  1.0). 

There  is  no  reason  to  expect  growth  of  due  to  significant  increase  of  cm, 
since  this  is  limited  by  reserve  of  strength  of  material. 

Conversely,  growth  of  Pe  is  possible  owing  to  use  of  gas  turbine  pressure  feed. 
Prospects  of  development  of  diesel  construction  in  1965-1975  anticipate  increase  of 
uV „ rage  effective  pressure  from  Pe  -  5-6  kg/ cm  to  values* 

-.)  for  four-cycle  diesel  engines  Pe  ■  20-25  kg/cm^j 

b)  for  two-cycle  die?-l  eng ire a  Pe  -  12-14  kg/cm^. 

Increase  of  Pe  usually  entails  some  increase  of  teeperature  of  piston.  In 
Fig.  1  is  shown  increase  of  teeperature  of  piston  of  engine  6Ch23/30  during  forcing 
of  it  from  600  to  $00  hp  by  means  of  use  of  gas  turbine  pressure  feed.  Research 


was  conducted  in  Tsh'IDI  [4]. 


By  degree  of  forcing  ditool  engines  issued  by  our  industry  can  be  divided  into 
three  basic  groups  (Table  1). 

To  the  first  group  belong  the  rost  forced  rotors  with  gas  turbine  pressure 
feed,  having  values  of  Kf  higher  than  50,  average  speed  of  piston  CB >9  p/eec  and 
tenperature  of  piston  in  area  of  upper  piston  ring  higher  than  250*  (for  instance, 
diesel  engines  90100,  300  and  others).  Here  com  in  sane  engines  of  special 
assignment  and  separate  head  staples  of  diesel  engines,  which  pass  testa  at  [reseat 
or  are  in  state  of  finishing. 

for  cooperative  characteristics 
of  diesel  engines  of  this  group  it  is 
possible  to  list  parameters  of  sons 
contemporary  high-forced  Motors  of 
foreign  firms  [3]  (Table  2). 

To  the  second  group  belongs  a 
masher  of  serial  forced  diesel 
locorotive  and  dip  diesel  engines  of 
the  -Tpe  2D-100,  D-50  and  others  with 
index  of  forcing  K|  from  30  to  50  and 
tenperature  of  piston  in  region  of 
upper  empress  loo  ring  of  the  order 
of  250*. 

Third  group  includes  relatively  low-stress  engines  with  values  of  X^  <  30,  fbr 
which  corresponding  tenperature  of  piston  is  usually  lower  thau  250*.  fbr  example, 
for  diesel  engine  Ch-10/l3  it  lies  within  Units  of  210-220*. 

T>pical  temperatures  of  lateral  surface  of  piston  fbr  diesel  engines  of 
different,  groups  are  shown  in  fig.  2. 


Pig.  1.  Change  of  temperatures 
of  piston  of  engine  6Ch28/30  with 
pressure  feed  (at  1000  rpn). 

IFTi  (a)  Tenperature,  *Cj  (b)  fm, 
kg/cn2!  (c)  ofcp  hr. 


Table  1.  Classification  of  Diesel  Saglnes  by  Degree  of  Forcing 


Gronp  of  engines 


L  High  stress 
diesel  engines 
<t+  >50) 


2.  Diesel  engines 
•f  sverege  stress 
(E+  fro*  30  to  90) 


3.  tow-stress 
diesel  ei^ines 
(If  less  then  30) 


Tjrpe  of 
engine 


Special 


6010,8/12.7 
10020,7/2  X 

X  25.4 

120X16/20 

120X18/20 

YaAZ-206 

20-100 

H-751 

K-601 

KZUMJ&m 

D-50 

8043/61 

6D30/50 

i  6Chl5A8 

3D6 

4X14.5/20.5 

4CH10.5/13 

60x12/04 

4002.5/12.5 

4002.5/15.2 

4000.5/13 

60036/45 

4Ch8.5/ll 


EDK-46 

1-150 

D-14 

D-54 

D-35 


2000  250 
6C0  300 

150  1500 
93  10001 
40  1500 
80  1500| 
14  1600 
54  13001 
3?  UOOl 
600  375 

20  1500 


5.1  5.1 
5.0  4.25 
9.0  4.7 
6.8  6.15 


5.5  4.3 


58.1 

33.3 

16.6 

16.0 

9.5 

11.1 

11.2 

10.8 

9.3 

27.7 

5.8 


38.5 

31.5 
4 


26.0 

21.2 

21.2 

20.9 

17.7 
17.6 
17.3 

16.8 
16.1 
U.7 
13.2 


Table  2.  Characteristics  of  High-lbreod  Engines  of  fereign  Fines 


Tjrpe,  brand 


MAX  (6CWI30/50 . 

1700 

v» 

6.0 

20 

60 

Cwilns  (ChXlC. 5/12.7).. 

300 

3600 

15.2 

11.4 

87 

Selsert  (6016/22.5*2)... 

2750 

1000 

7.5 

12.5 

94 

.v.iother  essential  factor,  determining  require— Is  tor  oil,  is  qeality  of 
diesel  ffeel.  It  is  well-known  that  wear  and  scale  fdraatlon  in  diesel  engine  are 
approodantely  proportional  to  content  of  sniffer  in  ffeel.  Therefore  see  of  sniffer- 
bearing,  and  also  heavy  feels  in  diesel  engines  withewt  lowering  ef  so  tor  potential 
is  possible  only  with  select  lor  of  special  oils  with  effective  additives. 


Per* pec  .lee  classification  of  oils  for  diesel  engines  should  specify  three 
■sin  types  of  cil«,  which  would  correspond  to  the  above- iodic* ted  throe  types  of 
engines  with  different  degree  of  forcing,  taking  Into  ic count  quality  of  fuel  used 
(Table  3). 

Kach  type  of  oil  given  in  Table  3  should  include  oils  with  different  level  of 
viscosity:  in  range  fro*  6-8  to  20-22  ea  at  100*. 

In  special  group  one  sboulu  single 
out  special  cylinder  oils  (for  instance, 
avulsion),  intended  for  big  low  rpo 
ship  diesel  engines  of  the  Bureeistcr 
and  Bayn  type,  working  on  heavy  fuel. 
Production  of  these  diesel  engines  here 
at  present  is  Halted. 

Ba&le  indices  of  operational 

Pig.  2.  Average  temperature  quality  of  oilr  of  different  types 

of  lateral  surface  of  piston 

for  diesel  engines  with  in  accordance  with  the  given  diagram 

different  degree  of  forcing. 

PET:  (a)  Temperature,  *C.  during  appraisal  of  them  on  laboratory 

instil  .  ions  must  approximately 
satisfy  requirements  given  in  Table  4. 

However,  final  fitnefis  of  oil  for  given  conditions  of  wk  should  be  determined 
only  as  a  result  of  motor  tests.  With  this  w ear  of  engine  working  on  sulfUr- 
eontaining  fuel  and  tested  oil  with  arid  it  ire  does  not  have  to  exceed  wear  on  low- 
sulfUr  fuel  and  standard  oil. 


(»)  V  ve.T 


Development  of  standard  methods  of  motor  tests  and  standard  engines  —  simulators. 


intended  for  appraisal  of  oils  and  additives  is  very  necessary. 


Mbl#  3*  Classification  of  Diesel  Oils  on  the  Basis  of  Their  Conditions  of  Work 


In  fogine 

Type  of  Oil 

Purpose 

for  specially  heavy  conditions 

for  lubrication: 

of  work 

a)  high-stress  diesel  engines  of  1-st 
group,  having  value  of  Kg  >50,  during  their 
work  on  sulfur-bearing  fuel  (content  of 
sulfur  up  to  l.Of) 

b)  diesel  engines  of  2-nd  group  (k^  from 
30  to  50)  during  their  work  on  high- arul fur 
foci  (content  of  sulfur  sore  than  l.Oi) 

for  heavy  conditions  of  work 

For  lubrication  of  diesel  engines  of  2-nd 
group  (R$  fren  30  to  50)  during  their  work 
on  sul for-containing  fuel  (content  of  sulfur 
up  to  l.Of) 

for  nornal  conditions  of  work 

For  lubrication: 

a)  low-stress  diesel  engines  of  3-rd 
group  *K$<30)  during  their  work  on  sulfur- 
bearing  fuel; 

b)  diesel  engines  of  2-nd  group  during 
their  work  on  low-sulfur  fuel  (content  of 
sulfur  less  than  0.5*) 

Table  4*  Operational  Qualities  of  Oils 


Type  of  Oil 

lade  *  of 
viscosity, 
not  less 
than 

Petergent  prop¬ 
erties  according 
to  PZV,  points, 
not  more  than 

Degree  of  corro¬ 
sion  according  to 
PirJcevich  qn  lead 
plate,  g/n-,  not 
wore  than 

for  specially  heavy  conditions 

of  work . 

90—120 

0.0 

8.0 

for  heavy  conditions  of  work 

90—120 

0.5 

•.0 

for  normal  conditions  of  work 

90—120 

3.0 

8.0 

Oil  refining  industry  at  present  issues  only  oils  corresponding  in  quality  to 
oils  for  usual  conditions  of  work  (oil  with  additive  tsiat in-339*).  As  oils  for 


"Additive  designated  by  mmber  and  nan*  of  the  institute,  Central  Scientific 
Sosnsrdk  Institute  of  Aviation  Puels  and  Oils. 


heavy  condition*  of  work  can  b«  considered  oils  with  phosphorous-containing  additives 
vnii  n p-360*  and  ni  ip-22**.  Oils  for  specially  heavy  conditions  of  work  here  now 
are  absent.  * 


Basic  Raoul  regents  for  Quality  of  Plesel  Fuel 

For  selection  of  tael  for  definite  group  of  engines  one  proceeds  first  of  all 
tram  the  number  of  revolutions,  since  precisely  the  rpn  rate  of  engine  determines 
period  of  tire  expended  on  process  of  combustion. 

However,  the  above-considered  diagram  of  division  of  engines  into  three  groups 
by  degree  of  forcing  can  be  used  also  for  determination  of  basic  types  of  fuels 
ensuring  reliable  operation  of  these  groups  of  engines. 

1.  Bor  high  speed  forced  diesel  engines  with  direct  injection,  with  speed  of 
pis  too  More  than  9  a/sec,  it  is  necessary  to  use  low- sulfur  distillate  fuel  with 
narrow  fractional  composition,  obtained  by  processing  of  low-sulfur  crudes  or  by 
bydropuri  ficat  ion . 

With  this  is  desirable  further  limitation  of  the  content  of  actual  resins  and 
increase  of  cetane  number  of  winter  and  Arctic  grvfea  of  fuel. 

2.  Fbr  less  stressed  hi£h  speed  and  part  of  lev  ^ed  diesel  engines  diesel 
fuel  COST  305-38  with  content  of  sulfur  x>t  no  re  than  1.0*  can  be  used,  under 
conditions  of  use  of  oils  with  sufficiently  effective  additives. 

3.  fbr  low  rpi  diesel  engines  of  great  power  (type  D  7l/l60)  heavy  fuel  can 
be  used  (of  type  of  motor  DT-1)  with  saturated  content  of  sulfur  1.5*,  with  additive 
sad  other  Indices  coordinated  with  the  conaisner. 


•Additive  designated  by  masher  and  name  of  the  institute,  All-Union  Scientific 
Research  Institute  for  Oil  and  Cos  Refining  and  the  Production  of  Synthetic  Liquid 
PUel. 

••Moscow  Petroleum  Institute. 
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Regulta  of  Teats  of  Sore  Additives  to  Fuels  and  Oils. 

Conducted  at  Ts’flPI 

Fbr  determination  of  comparative  effectiveness  of  additives  to  diesel  oils  at 
TsRIDI  brief  no  tor  tests  of  additives  of  different  types  were  conducted  (alkylphenol, 
phosphorous— containing,  sulfonate  and  others).  Testa  were  conducted  on  engines  of 
type  Chl0.5/l3  on  fuel  of  COST  305-58  (content  of  sulfur  0.8$)  and  on  high-sulfur 
fUel  (content  of  sulfur  1.4-1. 6$),  and  oil  PS- LI. 

Along  with  motor  tests  Laboratory  investigations  of  oil  OS-11  with  different 
additives  were  conducted;  in  particular,  the  corrosion  capacity  of  oil  (according 
to  Pinkerich)  and  inclination  of  oils  to  varnish  formation  (on  instruMnt  of 
Ryuregyan)  was  determined. 

Results  of  these  Investigations  (Table  5)  correspond  to  results  of  motor  tests. 


Table  5.  Influence  of  Additives  on  Tarnish  Formation  and  Corrosion  Capacity  of 
Oil  DS-11  During  Appraisal  on  laboratory  Installations 


Index 

L 

Oil  DS-11 

Without 

additive 

_ 1 

i 

eJ 

<1 

w-4 

m 

eJ 

<* 

V  <*> 
r*\  r\ 

£ 

e 

M 

* 

£ 

2 

n0  ► 

L 

c 

la 

>o  co 

St 

L 

*4 

Period  of  varnish  formation 
on  instrument  of  Kyuregyan,  min.. 

12.5 

2).0 

24.5 

— 

34.0 

45.0 

Corrosion  capacity  according 
V*.  Finkevich,  g/m^s 

on  lead . 

on  plutbous  bronze . 

-8.2 

-1.6 

-5.4 

-0.43 

-3.0 

-0.50 

-3.2 

-0.75 

-1.76 

-0.50 

-0.85 

♦1.68 

•Additive  designated  by  number  and  rare  of  the  institute,  Azerbaijan  Scientific 
Research  Petroleum  Institute  la.  V.  V.  Kuybyshev. 

Test  of  additives  on  engines  of  type  Ch-10.5/13  during  work  on  high-sulfur 
fuel  (content  of  sulfur  1.6$)  are  described  in  formerly  puh’lshed  works  of  TsKlDI 
15,  6). 


O') 
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Main  results  of  these  tests  reduce  to  the  following. 

1.  Wear  of  piston  rings  increases  during  work  on  high-sulfur  fuel  and  oil 
without  additives  1.5-2  times  as  compared  to  wear  on  fuel  of  COST  305-58  and  the 
same  oil.  Wear  of  sleeves  increases  especially  sharply. 

2.  Additive  atnii-7,  taken  in  concentration  of  5.0tf,  does  not  give  sufficient 


lowering  of  wear,  although  with  this  absence  of  sticking  of  piston  rings  was  rested. 


3.  Additives  vnil  np-360  and  mni  np-22  with  respect  to  wear  and  detergent 
properties  showed  good  results  (Fig.  3). 

However,  during  all  tests  of  high-sulfur  fuel  with  use  of  the  indicated 
additives  to  oil  lowering  of  wear  of  bushings  of  cylinders  to  level  existing  for 
standard  fuel  (COST  J05-58)  couldn't  be  achieved. 

In  Fig.  U  is  shown  wear  of  bushing  of  cylinder  of ’diesel  engine  Ch-10.5/13* 
during  work  on  fuels  with  different  content  of  sulfur  and  the  influence  of  additives 
on  lowering  of  wear. 

Results  of  brief  (60-hour)  tests  of  different  additives  on  engine  2Ch-10.5/l3 
during  work  on  fuel  of  COST  3C5— 58  (content  of  sulfur  0.8*)  are  presented  in  Table  6. 

In  table  are  given  also  indices  of  quality  of  worked  oil,  which  characterize 
the  Influence  of  additive  on  properties  of  oil.  m-  "’.s  were  conducted  without 
adding  of  oil  and  without  use  of  filter  of  fine  purification;  this  can  explain 
high  values  of  acid  mrber. 

Results  of  motor  tests  and  appraisal  of  oils  with  different  additives  on 

laboratory  installations  perr.it  to  divide  these  oils  into  separate  groups  according 
to  Increasing  effectiveness: 

a)  oils  with  alkylphenol  additives  of  type  tsiatim-339  and  aznii-7; 

b)  oils  with  phosphorous-containing  additives  of  the  type  vnil  np-360  and 
mni  ip-^2; 

c)  oils  with  high-ash  sulfonate  additives  of  type  FMSya,  IK-102,  SB-2. 

Tests  of  additive  vnii  np-371,  obtained  by  condensation  of  alkyl  phenols  with 

formaldehyde,  showed  that  it  exceeds  additiv*  tsiati»-339  in  ar.tiwear  properties. 


fig.  3*  Wear  of  piston  rings  of 
engine  Ch8.5/ll  during  work  on 
fuel  of  COST  305-5®  (content  of 
sulfur  0.8#)  and  oils  with 
different  additives  (method  of 
radioactive  isotopes). 

1)  oil  D-ll  without  additive; 
oil  DS-11  with  odditive;  2)  3< 
ainli-7;  3)  L. 5#  ip-22;  U)  6< 
▼nil  np-360. 

KET:  (a)  Wear,  inp/cln;  (b) 

Tine  of  work  of  motor,  hrs . 


fig.  A.  Wear  of  bushing  of 
cylinder  of  engine  ChlO.5/13 
depending  on  content  of  wmlPar 
in  fuel. 

1)  during  work  on  oil  without 
additive;  2)  during  work  on 
oil  with  additive  vnll  np-3^0* 
KFTi  (a)  Wear,  mcoul/1000  hr; 
(b)  Content  of  sulfur  in  fuel, 
<;  (c)  Wear,  f. 


Of  significant  interest  are  ash¬ 
free  additives  of  type  VW-1,  offered 
by  VOTIfrCTTEKhIM*,  which  represent 


copolymers  of  lauryl-r-thac relate  with  amlnoderivatives  of  methacrylate.  Certain 
additives  of  this  type,  described  in  foreign  literature  (8],  have  the  following 


diagram  of  structure: 


r.H. 

r 

+  CK,-  c  - 


i 

COO  -c,,w„ 


C,H1 

■CM, - C  - 

I 


CCO-CjM.ufC,-^ 

—  s 

long- r^nge  aspect  of  nitrogen-containing  additives  was  noted  alsc  by 

17). 


E. 


lven  tests  of  additives  of  type  771-1  showed  that  these  additive*,  taken  in 
very  small  c— » ...-ion,  significantly  lower  wear  of  engine,  although  they  possess 
Insufficient  detergent  properties.  Therefore  given  additives  can  be  recoenended  for 
earryii^?  out  of  further  tests  as  component  of  additives,  including  active  detergent 
component. 
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T»bl«  6,  JUault*  of  Taafca  of  Oil  DS-11  With  Additiw  on  Efcgina  2Ch-10.5/l3 


dark- 


Tests  of  oddities  mil  njvlll  to  diesel  fuel  showed  its  relatively  small 
effectiveness  with  respect  to  antiwear  and  antiscale  properties. 

formerly  tested  additive  to  fuel  (sine  naphthenate)  gave  significant  lowering 
of  wear  of  hashings,  but  with  this  was  Observed  increase  of  amount  by  weight  of 
deposit  an  piston  (53*  Tests  of  this  additive  on  engine  2D100  at  Kharkov  factory 
did  not  give  positive  results. 


Conclusion 

Analysis  of  results  of  tests  of  sulfur-bearing  fuels  and  oils  with  different 
additives  permits  to  present  diagram  (Table  7),  showing  which  oil  and  with  which 
additives  for  each  group  of  diesel  engines  it  is  possible  to  use  with  use  in  than 
of  fuels  with  different  content  of  sulfur.  This  diagram  is  correct  for  experimental 
and  industrial  additives  known  at  present  ;  it  should  be  examined  with  the  appearance 
Of  new  more  effective  a  iitives. 


Table  7.  Division  of  Oils  by  Types  of  Engines 


2 

3 


Fuel  with  conlentoT  sulfur,  % 


Special  and  perspectiv- 
diesel  engines  with  higft 
pres^  -c  feed 

ror_ed  diesel  engines 
of  type  2D1 00 

Low  stress  diesel  engines 
of  type  Ch-10.5/13 


D-ll  with 
additive  tsiatim- 
339  or  atnii-7 

The  same 

D-ll  COST  5304- 
54;  DS-11  GOST 
8581-57 


More  than 

Lo 


None 


DS-J1  with  , 
additive  eftype 
vnii  np-?60  f 

DS-11,  D-ll 
with  additive 
axnii-7  or 
tsiatim-339 


None 


None 


None 


Analysis  ^f  of;. :  ir,ed  results  ahows  that  further  earch  works  aust  be  directed 
to  obtaining  of  additives  with  high  detergent  and  antiwear  properties,  which  would 
ensure  creation  of  oils  for  specially  heavy  conditions  of  work,  intended  for 
lubrication  of  high-stres3  diesel  engines,  working  on  sulfur-bearing  fuels. 
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CHAPTER  II 
SYNTHESIS  OP  ADDITIVES 


ALKTLPHFJTOL  ADDITIVES  CF  FDR?*A!.nFHTD5  COriDEWSATIO?! 


A.  ▼.  Druzhinia.  C.  S.  Tarranyan,  K.  S.  l^rachina, 
ana  1.  V.  Morozova 
TWII  NP* 

Aldehydes  of  different  types  for  the  last  10-15  years  have  been  widely  used 
for  synthesis  of  ootor  oil  additives.  There  is  extensive  literature  about  additions 
of  detergents,  antioxidant  and  of  the  anticorrosive  type,  synthesized  with  appli¬ 
cation  of  aldehydes  [1,  2],  Especially  stressed  is  high  effectiveness  of  additives 
of  alkyl  phenol  formaldehyde  condensation. 

This  reaction  of  fomaldehyde  condensation  C3)  can  take  place  in  the  presence 
of  a  small  quantity  of  condensing  catalyst,  as  which  we  apply  acid  (HC1,  H^SO^)  and 
alkali  (oxide  and  hydroxide  of  metals). 

Preparation  additives  vnii  np-O'W  and  vnii  np-371  is  carried  out  in  alkaline 
•ediun;  furthermore,  the  possibility  was  checked  cf  condensation  of  alkylphenol  in 
presence  of  catalyst  AF5F  (alkylphenol  sulfo  acid). 

Calciisn  and  bariun  salts  of  products  of  alkyl  fomaldehyde  condensation  possess 
high  detergent  properties,  remove  scorching  of  piston  rings,  decrease  a  number  of 
carbon  and  act  as  anticorrosive  agents. 

All-Union  Scientific  Research  Institute  for  Oil  and  Gas  Refining  and  the 
Production  of  Synthetic  Liquid  Fuel 
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to 


Flow  chart  of  obtaining  alkyl  phenol  additives 
of  aldehyde  condensation  in  presence  of  AFSK 
(alkyl phenol  sulfo  acid). 

SET:  (a)  Fhenol;  (b)  Folyr.er  distillate;  (c) 
Alkylation;  (d)  Alkyl  phenol;  (e)  Neutralization; 
(f)  Water;  (g)  Formalin;  (h)  Condensation;  (i) 
Centrifuging;  (j)  VNII  NP-*. 


The  figure  is  a  flow  chart  showing  the  obtaining  of  two  additives  of  alkylphenol 
formaldehyde  condensation  developed  in  VNII  IIP:  calciiar.  vnii  np-370  and  barium 
vnii  np-371. 

Additives  vnii  np-370  and  vnii  np-371  can  be  prepared  in  existing  works  in  the 
production  of  additive  tsiat in-339**.  Mere  is  excluded  the  use  of  catalyst  — 
benso  sul'o  acid,  as  a  result  of  which  the  necessity  in  washing  alkylphenol  falls, 
and  thereby  the  problem  of  liquid  phenol  waste  is  positively  solved. 


Synthesis  of  Additive  VNII  NT-371.  Condensation  in  Alkaline  Medium. 

Alkylation,  thiring  alkylation  a  wide  fraction  of  polymer  distillate  (210?. 
i r  p  ^portion  to  the  phenol  which  is  used).  For  obtaining  alkylphenol  sulfo  acid 
9(&  sulfuric  acid  is  used  in  quantity  of  8*  of  the  total  quantity  of  phenol  and 
polymer  distillate. 


*F4.  "ote.  The  different  additives  ar-  designated  by  the  initials  7*11  NP,  which 
stands  for  the  All-Mnion  fcier/ific  "’-search  Institute  for  Oil  and  Gas  Refining  and 

the  Production  of  Synthetic  Liquid  Fuel. 

**Sd.  Tote.  Additive  is  designated  by  the  initials  standing  for  the  Central 
Scientific  Research  Institute  of  Aviation  Fuels  and  lubricants,  developers  of  the 

additive. 
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It  is  assumed  that  reaction  of  alkylation  goes  according  to  the  following 


diagram. 


Oil 


m  on 


n  wfl  I  !  +  «•»)  I  j  +<fMv» 

1 }  4  >*» 


OH  OH 


9  U 


-f)  [  j  +  <»)  f  |  +  (') 


\/  V 

Oil 


OH 


*♦<*-•»  fi  +<',i'lh 

v  J  v  /WV’ 


\/ 

Cjl2-  I 


<V*2.  . 


Preparation  of  Alkyl rhcnolate  of  Parian.  To  obtain  alkyl  pher.olate  barium  we 
take  1  mole  of  barltn  oxide  octshydrate  or.  2  moles  alkylphenol.  The  treatment  of 
alkylphenol  by  bariw.  oxide  hydrate  is  carried  out  at  120*. 

Condensation.  For  condensation  a  yH%  aqueous  solution  of  formaldehyde  is  used 
calculated  from  two  moles  of  formaldehyde  per  1  mole  oariur  alkylphenol  and  2  moles 
of  alkylphenol.  Condensation  is  conducted  at  a  temperature  of  70-72*.  As  diluent 
industrial  oil  12  (axle  oil  2)  is  used. 

It  is  assumed  that  condensation  takes  plac>’  according  to  the  following  diagram: 


♦  2»V» 


The  obtained  additive  mii  nj>-37!  has  the  following  physico-chemical  properties 


Ash  content ,  * .  13—16.5 

-Content  Ba,  * .  7 — 9 

Alkalinity,  milligram  KOH . 26—30 

Kinematic  viscosity  at  100*, 

es .  17—90 

Content  of  mechanical 

impurities,  * . . .0.02— 0.2 
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Synthesis  of  calciun  additive  vnii  np-3'’O  and  lithium  additive  vnii  np-372  is 
carried  out  according  to  a  diagram  analogous  to  the  diagram  for  obtaining  additive 
vnii  np-371,  with  the  only  difference  be  inf  that  instead  of  hydrate  of  birlte  oxide 
is  used  calciun  oxide  is  used  to  obtain  additive  vnii  njvOTO  and  hydrate  of  lithiun 
oxide  fbr  obtaininf  additive  vnii  np-372*  Treatment  of  alkylphenol  by  calcitc  oxide 
and  by  a  hydrate  of  lithiun  oxide  is  conducted  at  a  temperature  of  80*.  It  is 
necessary  to  note  that  preparation  of  additive  vnii  np-370  ray  be  carried  out  also 
with  a  caller  quantity  of  alkylphenol. 

Synthesis  of  Additive  V"TT  VP-3T  ♦  Condensation  in  Presence  of 

APSK 

During  synthesis  of  additive  vnii  np-3*n  with  condensation  in  an  acid  tedium, 
the  obtained  alkyl  phenol  at  first  is  subjected  to  condensation  by  a  37^  aqueous 
solution  of  formaldehyde  calculat-d  fron  1  role  of  formaldehyde  per  2  Holes  alkyl- 
phenol.  In  this  case  the  catalyst  of  condensation  is  alkyl  phenol  sulfo  acid,  forming 
in  the  alkylrhenol  during  alkylation.  It  is  assumed  that  reaction  of  condensation 
takes  place  according  to  the  following  diagram. 


Then  condensed  \lkyl phenol  is  processed  by  bariim  oxide  octahydrate  calculated 
frcn  1  nole  of  bariw  oxide  octahydrate  per  1  ncleeuie  of  condensed  a  Dry  1  phenol. 

7:  .  nert  of  condensed  alkylphenol  by  barium  hydroxide  is  conducted  lit  an  oLUdilu-nt. 
The  obtained  additive,  apparently,  has  the  following  structure: 


O —  H» — O 

frfi 

Below  are  the  physico-cbenitai  properties  of  this  additive. 

Ash  content,  v . .  IS— 20 

Content  Ha,  * . .  11—12 

Kinematic  viscosity  at  10C*,  cs. . .  .52.S— 82.6 


Influence  of  Quantity  of  Reagents  on  fhrsico-'lh^rical  Characteristic 
of  Additives  WIT  ?:h-3'7C  and  r.’U  *J±T1 


Fbr  clarification  of  influence  of  different  factors  on  quality  of  additives 
vail  np-yt)  and  vnii  np-373  a  number  of  investigations  was  conducted.  The  role  of 
catalyst  AFCK  and  influence  of  quantity  of  formaldehyde  and  alkyl  phenol  and  quality 
of  the  additive  obtained  was  investigated. 

Tae  role  of  AF5K  during  synthesis  of  addition  was  determined  by  the  radiometric 
Kethcd.  A  sarrle  of  additive  vnii  njv-370  on  alkylphenol  was  obtained  with  use  of 
•u1(\k*-35  labeled  sulfuric  acid.  In  the  synthesized  sample  of  the  additive  were 
revealed  the  sul phogroup,  whose  content  in  additive  in  the  conversion  to  sulfuric 
neid  constituted  3  .l*. 


Influence  of  Quantity  of  Formaldehyde  on  rhysico-Thenical  Characteristic 
of  Additives  V,rTI  ?,T-3^0  and  VNII  ?rp-TTl 


To  manifest  influence  of  formaldehyde  o.n  properties  of  obtained  additive  of 
alkylphenol  formaldehyde  condensation  experiments  were  conducted  using  a  different 
quantity  of  formaldehyde .  Thus,  for  4  roles  of  alkylphenol  0.5;  1;  1-3;  2;  3*  and 
4  nolea  of  formaldehyde  were  taken. 

Results  cf  the  investigation  are  given  in  Table  1.  According  to  this  table, 
best  results  with  resnect  to  content  of  calciur  are  obtained  during  expenditure  of 
2  sales  of  formaldehyde  for  4  roles  of  alkylphenol  (experiments  170,  1H2,  183,  and 
184). 


''able  1.  Influence  of  Quantity  of  Formaldehyde  on  Fhysico- 
Chsnieal  Properties  of  Additive  iTII  f.T-3?0 
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Influence  of  Quantity  of  Alkyl rhenol  on  Quality  of  Additive 


A  sober  of  investigations  was  conducted  in  synthesis  of  additive  vnii  np-370 
and  vnii  np-371  with  application  of  different  quantity  of  alkylphenol  (c  0.5,  1  and 
2  stolen  alkyl  phenol  fbr  1  Dole  alkylphenolate.  Research  showed  that  with  decrease 
of  quantity  of  alkylphenol  is  observed  a  lowering  of  ash  content  and  viscosity  of 
cal  dim  additive  vnii  np-370.  In  all  three  cases  good  solubility  of  additive  in 
oil  is  kept. 

During  synthesis  of  bariun  additive  (vnii  np-371)  with  decrease  of  quantity  of 
allgrlphenol  ash  content  and  viscosity  of  additive  is  increased  and  its  solubility  in 
oil  worsens.  For  instance,  a  sample  of  barium  additive,  synthesized  from  2  moles 
alkylphenol,  dissolves  well  in  oil,  with  one  mole  of  alkylphenol,  it  dissolves 
badly  (a  turbid  solution  will  be  formed),  and  with  0.5  mole  of  alkylphenol  it  is 
sot  dissolved  at  *11  in  cl?  (Tables  2  and  3). 


Table  2.  Influence  of  Quantity  of  Alkylphenol  on  Physico- 
Chemical  Properties  of  Additive  VMII  NP-370 


c 

V 

© 

Quantity  of  ! 

alkylphenol  j 

taken  for 
condensation 
wi'h  1  nole 
al!\y  iphenolate  , 
moles  j 

|  Kinematic  1 
viscosity 
at  100°/ 

1 

Ash 

content, 

cf 

Content 

Ca  in 
addition, 

ft 

,  i 

1'olecular 

weight 

Content 
of  phenol 
in  driven 
off  water, 
% 

Solubility 
in  oil 

H 

2 

51.99 

7.75 

2.27 

493 

0.212 

Good 

ICS1 

i 

1 

t  i 

32.21 

?.ie 

"A  * 

•  ll 

46o 

0.207 

Good 

109 

t 

!  ! 

25.06 

6.7 

1.97 

465 

0.192 

Good 

High-Ash  Additives  of  Alkylphenol  Condensation 


Invest!*  .tior.s  have  been  rod  ’  or.  the  increase  of  ash  content  of  additives  of 
alkylphenjl  formaldehyde  condensation,  ’dork  was  conducted  in  two  directions. 

1.  Increase  of  ash  content  of  ready  additives  of  vnii  np-370  and  vnii  np-371 
by  treating  ther.  tr  an  adiitior.a!  quantity  of  oxide  or  hydroxide  of  metal. 

2.  Obtaining  additives  of  alkylphenol  formaldehyde  condensation  in  presence  of 


activators. 
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Table  3.  Influence  of  Quantity  of  Alkylpher.ol  on  Physico-Chemical 

Properties  of  Additive*  mi  IT-371 


4-> 

f 

.of 

V 

a 

c 

quantity  of  alkyl- 
phenol  taken  for 
condensation  with 
.  role  alkylphero- 
late,  roles 

Kineratic 
viscosity 
at  IOC®, 

cs 

Ash 

content, 

<* 

Content 

Ba  in 

addition, 

<* 

r 

I'olecular 

weight 

Solubility 
in  oil 

129 

2 

62.68 

15.1 

8.85 

487 

Good 

130 

1 

Gelatinous 

mass 

15.21* 

9.0 

409 

Bad 

0.5 

Greasy 

consistency 

15.9? 

1 

8.4 

392 

Is  net 
dissolved 

Additional  Treatrer.t  of  Additives  V”II  *'r-?'r!  hv  Hvdrate  Bariur.  Oxide 


Proceeding  fror.  th**  assured  forrcila  of  additive  vnii  np-371,  the  assur.ption 
was  r.ade  that  ash  content  of  additive  can  be  increased  by  r.ean3  of  substituting 
hydroxide  of  retal  for  hydro/ rer.  cf  '"'roxyl  group.  It  was  assured  to  obtain  additive 
of  the  following  structural  formula: 


OB*  (Oil)  O-Ba-O 

/V_(W  /Oy _ Q|  _ 


01!) 


V 


!  I  I  I  I 


Y 


Y 


I  i 

\/ 
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Research,  in  increase  of  ash  content  cf  additive  was  conducted  on  a  developed 
type  of  additive  vnii  np-3'rl.  Belov  are  physico-chemical  properties  cf  thic.  sanple 
of  additiv. 


Ash  content,  f . . .  12.9 

Content  Ba,  * .  7.6 

Kinematic  viscosi*y  at  100°,  cs .  19.9 

!'e chan  leal  ir.ruriti''3,  * .  0.19 

Alkalinity,  rlllirran  KCB . .  29.5 

Content  of  water,  v .  0.3 


With  the  shown  purpose,  a  factory  sanrl<*  of  additive  vnii  np-O'7!  was  subjected 
to  additional  *  reatr.cn  t  by  hydrate  of  bariur  oxide  fror  a  calculated  2  coles  hydrate 
oxide  on  1  molecule  of  additive. 


However*  for  selection  of  optimum  quantity  of  barim  hydroxide,  research  was 
conducted  not  only  with  theoretically  necessary  quantity  of  hydrate  bariur.  oxide, 
but  also  with  sraller  and  larger  quantities  than  the  theoretically  necessary.  The 
sanrle  of  additiTe  additionally  was  processed  with  a  calculated  quantity  of  hydrate 
bariur.  oxide  at  various  temperatures;  it  was  established  that  optimum  temperature  is 

145*. 

During  additional  treatment  by  hydrate  of  bariur  oxide,  ash  content  of  additive 
is  increased  twice,  and  viscosity  in  an ‘insignificant  degree  (Table  4).  From  data 
of  the  table  it  is  clear  that  25”*  or  even  IS'*  hydrate  of  bariun  oxide  is  sufficient 
(instead  of  theoretically  r.*  cesoary  quantity  of  35^  in  batch  of  additive  in  the  case 
when  it  is  diluted  by  oil-diluent  in  1:1  ratio). 


Table  4.  Influence  of  Fjcrenriiture  of  Pariun  Oxide  Hydrate  on  Physico- 
Chemical  Properties  of  Additive 


Developed  type  of  additive  7VTT  TP-3 71 

prior  to 
treatment 

after  treatment  by  different  quantity 

Pa  (CH)t8H-,0.  <  of  initial  additive 

Indices 

by  hydrate 
of  bariun 
oxide 

70 

35 

25 

18 

Asli  content ,  1? . ! 

12.9 

To. 8 

26.2 

24.9 

21.6 

7.6 

1 

•  5.3 

15.4 

14.64 

12.72 

Kinematic  viscositv  at 

100-,  . . 

19.9 

32.2 

25.7 

25.4 

21.19 

!>chanical  ir.rur,‘  ■  ies , 

0.19 

— 

— 

0.027 

— 

Alkaliri*  y,  milligram  KCH. 

39.5 

34.5 

36.1 

32.3 

raining  Additives  of  Alkulfor-a1d«»hrde  Condensation  in  Presence  of  Activators 

Investigati.'  r  of  products  of  alkylphenol  condensation  showed  that  products  of 
this  type  can  be  obtained  by  different  methods.  Depending  upon  quantity  of 
formaldehyde  salts  of  products  of  alkylphenol  formaldehyde  condensation  can  be 
liquid  or  viscous  at  normal  temperature. 
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High-alkali  calcium  salts  of  alkyl phenols  of  forraldehyde  condensation  were 
synthesized  us inf  a  larger  quantity  of  forraldehyde  and  calcium  oxide  than  during 
synthesis  of  additive  vnii  np-3?D.  .Synthesis  was  conducted  in  presence  of  an 
activator. 

On  1  mole  alkyl phenol  were  taken  1  mole  of  formaldehyde  and  1  mole  oxide  of 
metal.  Synthesis  tas  carried  out  in  two  stages.  At  first  alkylphenol  was  prepared 
according  to  the  diagram  used  for  synthesis  of  additives  vnii  np-370  and  vnii  np-371, 
and  then  in  process  of  one  operation  obtaining  of  products  of  alkylphenol  formaldehyde 
condensation  with  simultaneous  transformation  of  them  into  calcium  salts  was  carried 
out.  flil-dlluent  was  used  2  times  more  titan  alkylphenol  for  condensation. 

In  Table  5  are  physico-chemical  properties  of  synthesized  samples  of  fully 
replaced  calcium  salt  of  products  alkylformaldehyde  condensation. 


Table  5.  Physico-Chemical  Properties  of  Calcium  Additive  of 
Alkylphenol  Formaldehyde  Condensation,  Obtained  in 
Presence  of  Activator 


No 

experiment 

Ash 

Content , 

% 

Content 
Ca,  * 

Alkalinity 
mg  KOH 

Kinematic 
viscosity 
!  at  100°, 

1'olecular 

weight 

Color 
according 
to  NPA 

26A 

12 

3.53 

53 

12.91 

394 

7.5 

282 

10.3 

3.04 

43.1 

12.9 

— - 

8.0 

When  the  quantity  of  formaldehyde  and  calciuc  oxide  is  raised  to  1  mole  on  1  mole 
alkylphenol,  high-ash  and  high-alkali  calcium  additives  are  obtained  with  a  content 
up  to  3.0-3.53*  calcium  in  the  additive. 

It  is  necessary  to  note  that  barium  additive  of  alkylphenol  condensation 
(vnii  np-37l)  possesses  effective  anticorrosive  properties  and  very  reliably  protects 
metal  from  corrosion  during  application  of  antiwear  additives  of  the  chlorinated 
paraffin  type.  Furthermore,  the  obtained  additives  of  formaldehyde  condensation 
have  good  color. 


Additives  mii  np-370  and  vnii  np-371  passed  bench  test  on  different  motors 
According  to  100-hour  method  with  sulfurous  autonobile  oil  AS-9.5  and  diesel  oil 
AS-$.  Positive  results  were  obtained. 

Mixture  vnii  np-371  with  additive  of  sulfate  type  (IKS  )  was  tested  on  motor 
YaAZ-204  and  on  a  one-cylinder  motor  IT-9-3  with  positive  results. 

Along  with  obtaining  alkylphenol  additives  of  formaldehyde  condensation 
additives  were  synthesized  on  the  basis  of  treatment  of  barium  alkyl pheno late  in  a 
solution  of  propylene  oxide  alkylphenol.  Preliminary  investigations  of  the  ob¬ 
tained  additives  by  the  radiometric  method  showed  that  in  small  concentrations 
(order  of  1.0#)  these  additives  possess  high  dispersive  jropertiea.  This  direction 
of  works  deserves  further  development. 
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In  works  published  earlier  [1-4]  it  was  shown  that  salts  of  acid  esters  of 
dialkyl dithiophor  acid  (dialkyldithiophosphate)  of  the  general  structure  (RO^ 

PSSMe  SSP  (OR)^  are  active  poly  functional  additives  to  lubricating  oils.  It  was 
established  that  additives  of  this  type  possess  detergents,  anticorrosive,  and 
antiwear  properties  and  are,  furthemore t  antioxidants,  and  certain  are  depressors 
and  de-erulsifiers.  Individual  properties  for  dii'V-  ^iophosphates  are  expressed 
in  various  degree  and  deperd  on  their  structure. 

In  the  mentioned  works  were  determined  basic  regularities  connecting  activity 
of  additives  and  their  structure,  and  basic  ways  of  synthesis  of  technical  additives 
of  this  type  are  outlined. 

We  have  carried  out  synthesis  and  conducted  research  of  a  number  of  technical 
additives  of  the  dialkyldithiophosphate  type.  Research  of  these  additives,  besides 
being  practical,  also  had  scientific  value.  Comparative  research  of  technical 
additives  of  different  structure  gave  new  material  on  dependence  of  activity  of 
additives  on  their  structure  and  about  the  mechanism  cf  action  of  additives.  The 
obtained  results  at  the  same  tine  allowed  a  nore  definite  recommendation  of  the 
individual  additives  for  specific  conditions  of  use. 


Dlalkyldithlophosphates  of  metals  (additive  of  type  DF)  were  synthesized, 
proceeding  from  technical  alcohols.  Fy  a  known  Deans  (action  of  alcohols  with 
phosphorus  pentasul fide )  were  obtained  acid  esters  of  dithiophosphorous  acids, 
which  then  were  reduced  into  corresponding  salts  of  metals..  Structure  of  obtained 
additives  is  represented  in  Table  1. 


Table  1.  Structure  of  Technical  Additives  of  the  Type  Dialkyldithiophosphate 

Salts 


No. 

Additives 

Formula 

1 

DF-1 

((«<»),  PSSIs  It  « 

2 

DF-2 

|(RO),  ISS|.  IU;  It  t  „  « 

3 

DF-1 2 

|(CII,-  cell.),-  Ml  r.l !.**);  V>>u  It. 

t-|H» 

4 

DF-5 

I(RO),  rS'  t,  /•»:  R  « 

5 

DF-8 

Kelt,- (ciy,  -  mio>.  rssj.  z« 

ai. 

6 

DF-9 

f(UI,  (Ml.), -Ml  MIO). 1V»SJ. /i. 

tyl. 

7 

DF-10 

ICJI,  (•  «:*»  MlOj.l'SS/nSSI'HK  II,'  ll(MI,».|, 

1 

ai. 

8 

DF-11 

jai,-  (My.  <  ii-  (  iiiol.i*^/i*ssi’i<»MiJ<  i!(riy.|. 

Additives  DF-1,  DF-2,  and  PF-12  const!  ated  barium  dialkyldithiophosphate,  the 
remaining  additives  —  zinc  dialkyldithiophosphate. 

To  obtain  additives  DF-1  and  PF-5  technical  high-rolecular  alcohols  w*>re  used, 

..  i  -  d  by  direct  oxidation  of  fraction  of  paraffin  (petroleiw  or  synthetic), 

e. .  ting  within  the  limits  of  330-390*;  to  obtain  additive  DF-2  —  alcohols 
obtained  by  cvidi*ion  of  fraction  of  synthetic  paraffin,  evaporating  within  limits 
of  270-32  •.  The  colecular  weight  of  alcohols  corresponds  ^  ^20  —  C2A  and  Cl6  — 
^20*  *  number  of  additives  was  obtained  on  the  basis  of  octyl  alcohols.  Thus, 

additive  DF-8  was  obtained  on  the  basis  of  secondary  octyl  alcohol,  n-octanol-2, 
and  additives  PF-9  and  PF-12  —  on  the  basis  of  primary  octyl  alcohol  2-ethyl-hexanol , 
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known  in  industry  as  isooctyl  alcohol,  "ach  of  additives  DF-10  and  DP-11  was  ob¬ 
tained  from  two  alcohols  —  isobutyl  and  octyl  and  contained  thus  radicals  of  a 
different  structure:  additive  DP-10  —  isobutyl  and  secondary  octyl,  additive 
DP-11  —  isobutyl  and  ii>ooctyl .  The  practical  value  of  compounus  of  the  last  type 
is  also  confirmed  by  reference  [5].  All  synthesized  additives  were  studied  and 
were  applied  in  the  fcra  of  their  solutions  in  light  oil  in  a  1:1  ratio. 

Content  of  phosphorus,  sulfur  and  petal  in  investigated  additives  is  given  in 
Table  2.  Given  values  pertain  to  50*  solutions  of  additives  in  oil;  calculated 
values  correspond  to  formulas  of  Table  1. 

For  carrying  out  comparative  tests  of  additives  oil  DS-8  from  sulfurous  oils 
was  used,  obtained  by  nixing  86*  distillate  and  145  residual  components. 


Table  2.  Results  of  Additive  of  the  Type  Dialkyldithiophosphate  Metals 


Additive 

Molecular 

Metal.  * 

Phosrhorus.  * 

Sulfur,  % 

weight  of 
dialkyldithio- 
phosphates 
(calculated) 

calcu] ated 

found 

calculated 

found 

calculated 

found 

DF-1 

1516—1740 

4.53—3.93 

4.20 

2.04—1.78 

1.63 

4  28— 3.68 

3.40 

DF-2 

1293—1516 

5^1-4.53 

4.64 

2.39—2.04 

1.93 

4.95—4.23 

4.23 

DF-12 

844.5 

8.17 

7.9 

3.66 

3.29 

7.59 

— 

DP-5 

1444—1668 

2.26—1.95 

1.8 

2. 14— 1.85 

1.93 

4.44—3.75 

3.37 

DF~8 

772.5 

4.23 

4.18 

4.01 

3.34 

8.30 

9.02 

DP-9 

772.5 

4.23 

3.90 

4.01 

3.84 

8.30 

8.18 

DF-10 

660.3 

4.95 

5.00 

4.69 

4.66 

9.70 

9.49 

DP-11 

660.3 

4.95 

5.28 

4.69 

4.50 

9.70 

9.55 

Influence  of  additives  on  detergent,  de-emul sifting,  anticorrosive,  and  antiwear 
properties  of  oil  DS-8  was  investigated;  also  influence  of  additives  on  low-tenpera- 
ture  properties  of  oil  DS-8  (depression  of  solidification  point)  and  on  its  stability 
was  established. 

Dialkyldithiophosphate  metals  are  typical  surface-active  materials.  The  action 
of  such  additives  on  some  of  the  shown  properties  of  oil  is  determined  first  of  all 
by  their  surface  activity  —  ability  to  be  adsorbed  on  boundary  of  two  phases. 


Surface  activity  of  additives  determines  detergent  and  depressor  action  of  additives, 
their  action  as  de-cnulsifiers  and  partly  as  anticorrosive  additives,  i.e.,  in  those 
cases  when  mechanise  of  action  is  caused  by  adsorption  of  additives  and  presence  of 
two  phases  in  system. 

The  influence  of  structure  of  hydrocarbon  radicals  on  surface  activity  of 
compounds  is  known.  It  is  interesting  to  compare  in  this  respect,  compounds  con¬ 
taining  different  metals,  and  namely  zinc  and  barium  dialkyldithio phosphate,  serving 
as  the  subject  of  present  research. 

Isotherms  of  surface  tension  on 
boundary  of  two  phases  were  removed: 
solution  of  additive  in  hydrocarbon 
medius  (vaseline  oil)  —  water.  As 
additives  pure  preparations  of  barium  and 
zinc  di-n-octadecyldithiophosphates. 
Surface  tension  01^  was  determined  at  a 
temperature  of  77.5*  by  finding  the 
biggest  pressure  drops,  using  an  instru¬ 
ment  of  P.  A.  Tebinder  [6);  relatively 
high  temperature  was  necessary  for  in¬ 
crease  of  solubility  of  barium  cSi-n- 
octadecyldithiophosphate  in  vaseline  oil. 
Isotherms  of  surface  tension  <r  =  f(c) 
~  i.sotherr.''  of  adsorption  0  -  f(c)  corresponding  to  then  for  both  dialkyldithio- 
phospkutes  are  shc-.-n  in  Fig.  1. 

In  Pig.  1  it  is  clear  that  surface  activity  of  bariua  ai-n-octadecyldithio- 
phosphate  is  significant I.;'  higher  than  for  zinc  di-n-oetadecyldithiophosphate. 

Limit  adsorption  r’ m,  ro. :» s;©ni'  ig  to  total  saturation  of  adsorptive  layer,  for  the 
first  compound  constitute!  13.1*10  XJ ,  for  the  second  2.0*10"^  rcle/c:r.^. 


Pig.  1.  Isotherms  of  surface 
tension  *=  fic)  and  isotherms 
of  adsorption  G  -  f(c)  of 
solutions  of  barium  dioctadecyl- 
dltviophosphates  zinc  in  vaseline 
cxl  on  boundary  with  water. 

1  and  2  —  barium  dialkyldithio- 
phosphate  [(C^gH-iy^  1SS]2  Pa: 

3  and  4  —  tine  dialkyldithio- 
phosphate  [  v  Fss^2  7n’ 

KFT:  (a)  #.  erg/cr2;  (b)  C. 
m  mole/2;  (c)  G~ 10*°  nole/cr'-. 
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Calculated  frets  these  values,  the  area  occupied  by  one  aolecule  in  the  adsorption 

layer,  for  dlalk}  dithiophosphate  of  bariisa  constituted  12.6  A  ,  and  for  zinc 

•2 

dialkyldithiophosphate  31,1  A  . 

On  the  basis  of  obtained  results,  it  is  possible  to  assume  that  in  cases  when 
mechanism  of  action  of  additives  is  determined  mainly  by  their  adsorption  on  boundary 
of  two  phases,  barirn  dialkyldithiophosphate  will  be  more  active  additives  than  zinc 
dialkyldithiophosphate;  at  the  s ace  tine  optimsi  concentration  of  salts  of  sine  will 
be  lower  than  optinua  concentration  of  salts  of  barium.  As  will  be  shown,  this 
conclusion  was  confirmed  during  comparative  investigations  of  technical  additives. 

Detergent  Action  of  Additives 

The  nechanisn  of  detergent  action  of  additives  is  very  complicated,  and  up  to 
now  not  fully  clarified.  Basic  property  of  najority  of  detergent  additives  is  their 
ability  to  disperse  insoluble  products  of  aging  and  incomplete  combustion  of  hydro¬ 
carbons  of  oil  and  fuel  and  to  stabilize  suspension  of  these  products  in  oil. 
Detergent  additives  like  surface  active  material  are  adsorbed  on  insoluble  particles 
forced  in  oil,  preventing  thereby  their  adhesion  and  precipitation  on  motor  parts. 

Earlier,  during  investigation  of  individual  salts  of  dialkyldithiophosphate,  it 
was  shown  that  their  detergent  action  depends  on  length  of  hydrocarbon  radicals. 

Vith  increased  length  of  hydrocarbon  radicals  of  molecule  of  additive  the  detergent 
action  of  additive  increases  Cl]. 

In  Table  3  are  given  results  of  determination  of  detergent  properties  of  oil 
DS-3,  containing  different  technical  additives. 

Determinations  were  conducted  on  laboratory  one-cylinder  motor  P1V  [73  in  more 
rigid  conditions  than  are  standard.  As  follows  from  data  of  Table  3,  All  additives 
of  the  considered  type  are  detergent  additives;  however, their  activity  in  this 
respect  is  relatively  low.  The  latter,  apparently*  partly  is  caused  b7  properties 
of  the  oil  itself,  since  other  types  of  oils  are  »>ore  sensitive  with  respect  to 
detergent  action  t  f  dialkyldithiophosphates. 
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Table  3.  Influence  of  Additives  of  the  Type  Dialkyldithiophosphate  "etals  on 

Properties  of  Oil  PS-8 
Concentration  Additives  in  Oil  3*5  * 


Additive 

Detergent  properties 

Corrosionability,  r/rz‘ 

of  oil 

De-emulsification 
(quantity  of  unde- 
cor.posed  emulsion). 

Oil 

DS-8 

oil  rr-i6 
Oteba) 

Points 

Quantity  of 
varnish 
precipitation, 
t 

Oil  without 

4.0— 4.5 

0.35 

22 

2.2 

33.7 

additive 

DF-1 

2.5 

0.15 

0 

0.9 

2.1 

DF-2 

4.0 

0.30 

0 

1.8 

3.2 

DF-12 

3.0 

•  0.25 

4 

_ 

4.2 

DF-5 

3.0 

0.20 

12 

4.9 

10.9 

DF-8 

4.0 

0.20 

16 

4.7 

13.5 

DF-9 

2.5 

0.05 

18 

3.8 

11.5 

DF-10 

3-C 

0.15 

16 

4.4 

11.2 

DF-11 

3.0 

C.1C 

18 

5.6 

8.3 

Quantity  of  deposits  and  vami3h  precipitation  on  piston  of  rotor  PZV  in 
presence  of  additives  is  lowered  by  l.C-1.5  point.  The  rost  effective  turned  out 
to  be  -dditive  DF-1  (high-r.olecu2ar  baritn  dialkyldithiophosphate),  .*n  presence  of 
which  detergent  action  of  oil  correspond-::  to  2.5  points  (for  pure  oil  4.0-4. 5  point). 
Dialkyldithiophosphate  of  bariun  of  smaller  nolecular  weight  (DF-2  and  DF-12),  just 
as  high-colecular  ialkyldithiophosphate  of  zinc  (DF-5),  possessed  less  detergent 
srti'n.  This  is  in  full  agreement  with  above- indicated  influence  *.ur*‘  of 

r  I  (bariun  and  zinc)  and  length  of  hydrocarbon  radicals  on  -  t  face  activity  of 
dial  kyld  ith  io  pho  s  ph  a  t  es . 


i  Influence  of  Additives  on  Fluidity  of  Oil  at  Low  T— reratures 

i 

i 

t  Fron  cbtaine:  dialkyldithiophosphate  only  additive  DF-1  possessed  the  properties 

* 

•f 

^of  a  depressor.  Temperature  of  thickening  of  oil  PS-8  (-15°)  in  presence  of  3.5* 
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addition  DF-1  was  lowered  to  -37*;  depression  of  terperature  of  thickening  thus 
constituted  22*.  r*ther  additives  did  not  lower  temperature  of  thickening  of  oil. 

Specific  action  of  additive  PF- 1  as  a  depressor,  just  as  detergent  action  of 
this  additive,  is  in  accordance  with  its  heightened  surface  activity  as  compared  to 
other  additives,  which  are  either  salt  of  tine,  or  salt  of  bariur.  of  smaller 
molecular  weight.  As  was  shown  earlier,  depressor  action  of  additives  of  different 
structure  is  in  direct  dependence  on  their  surface  activity  (adsorptive  character¬ 
istic)  [gj. 

De-emulsion 

Certain  dlalkydlthiophosphate  metals  as  surface  active  material  are  typical 
de-emulsifiers,  able  to  destroy  emulsions  formed  by  hydrocarbons  of  oils  and  water 
C3). 

Pe-emulsifying  action  of  technical  additives  of  the  considered  type  was  de¬ 
termined  according  to  the  already  described  method  (9):  there  was  established  the 
quantity  of  standard  oil  —  water  emulsion,  remaining  undestroyed  after  centrifuging 
during  ?0  minutes  in  presence  of  different  additives  preliminarily  dissolved  ii.  oil. 
The  obtained  results  are  given  in  Tatle  3. 

From  data  of  Tablt  3  it  follows  that  de-errulsifying  action  of  technical 
additives,  as  one  should  have  expected,  also  is  in  direct  dependence  on  their 
surface  activity.  *Wrl\sn  dialkyldithiophosphates  are  stronger  de- -emulsifiers  than 
since  dialkyldithiopbosrhates,  but  in  a  mv.ber  of  bariir.  dialkyldithiophosphates  — 
compound  of  the  biggest  molecular  weight,  “hus,  additive  DF-i  and  'Jf-2  in  the  test 
conditions  completely  destroyed  th'  emulsion,  whereas  in  presence*  of  additive  CP-12 
part  of  emulsion  regained  undestroyed  (quantity  of  undestroyed  evulsion  constituted 
kf  as  opposed  to  22*-  in  absence  o!  additive).  Although  tine  dialkyldithiophosphates 
are  w»ak  de-emulsifiers,  in  a  m*ber  of  these  additives  the  most  ative  de-emulsifier 
was  the  adiitive  of  the  biggest  molecular  weight,  containing  the  longest  hyirocarbcn 
radicals  (PF~5). 


Anticorrosive  Properties  o f  Additives 


According  to  the  post  wide-spread  opinion,  anticorrosive  additives  chemically 
interact  with  neta.1 ,  forming  on  its  surface  a  protective  film,  which  protects  petal 
from  corrosion  [10],  Recently  the  assumption  was  expressed  that  this  is  the  nost 
effective  film  foreed  on  petal  surface  as  a  result  of  adsorption  of  molecules  of 
additives  [11]. 

Earlier  [1]  it  was  shown  that  the  basic  element  determining  anticorrosive 
properties  of  octal  dialkyidithiorhosrhates  is  sulfur;  anticorrosive  properties  of 
these  compounds  depend  also  on  nature  of  petal. 

Anticorrosive  properties  of  technical  additives  of  the  type  metal  dialkyldithio- 
phosphates  are  determined  according  to  the  method  of  VAJfT  [State  All-Union  "Order 
of  Labor  Red  Banner"  Automobile  and  Automobile  rmgine  Scientific  Research  Institute] 
[12];  corroding  action  of  oil  with  additives  —  according  to  decrease  of  weight  of 
lead  plate  (in  g/n  )  coring  influence  on  it  of  products  of  oxidation  of  oil  in 
standard  conditions. 

Since  corrosiveness  of  pure  oil  D5-S,  obtained  from  sul  furous  oils,  is  very 
insignificant  (2.2  g/n  ),  also  corresponding  determination  were  also  conducted  for 
additives  th  oil  !T-It  from  'bba  oils;  corrosiveness  of  pure  oil  IT-16  constitutes 
33.7  g/m2. 

From  data  of  Table  3  it.  follows  that  all  technical  additives  possess  strong 
artic^rrc-. . e  action,  while  several  are  more  effective  than  barium  di.  !k-'ldithio- 
:  '.ate  (UF-l,  DF-2  and  DF-12);  corrosiveness  of  oil  HT-16  in  presence  of  barium 

c'._  ldithiophosphates  is  lowered  approximately  10  times.  Ant Lcorrosive  action 
of  different  sir  d. alkyl dithio-bcsrnates  is  practically  equal  (corrosiveness  of 
oil  KT-1 :  is  lowered  3  times)  and  does  not  depend  on  magnitude,  and  structure  of 
hydrocarbon  radica's. 

Besides  determination  of  ar.* lcorrosive  action  of  additives  by  the  method  of 
KAMI,  also  corrosion  action  of  the  additives  themselves  on  copper  plates  (M-l)  was 
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studied  which,  apparently,  depends  on  thermal  stability  of  additives. 

With  this  goal  were  tested  3*5^  solutions  of  additives  in  a  butyric  base  of  oil 
V?m  ?IP-1  (oil  for  automatic  transmissions  of  automobiles).  Copper  plates  were 
kept  in  oil  for  3  hours  at  temperatures  of  130°,  340°,  and  150°,  after  which 
formation  of  sulfurous  copper  was  visually  determined.  As  was  established,  low- 
nolecular  dialkyldithiophosphates  at  high  temperatures  corrode  copper  in  the  least 
degree.  At  a  temperature  of  150°  oil  containing  additives  DF-12,  DF-8,  DF-9,  DF-10, 
and  DF-11,  absolutely  did  not  change  surface  of  copper  plate. 

Wear  During  Friction  in  Conditions  of  High  Toads 

In  recent  years  a  number  of  works  have  been  published,  dedicated  to  research 
of  metal  dialkyldithiophosphates,  especially  zinc  dialkyldithiophosphates  as 
additives  lowering  wear  during  friction  in  conditions  of  high  loads  [5,  13,  143. 
Additives  of  this  type  turned  out  to  be  very  effective  during  application  in  specific 
conditions  of  friction  of  can  —  pusher  pair  in  V-shape  automobile  engines:  the 
additives  prevent  development  of  pitting  of  pushers,  frequently  observed  in  these 
conditions.  Apparently,  the  action  of  metal  dialkyldithiophosphates  as  antiwear 
additives  is  caused  by  their  chemical  interaction  with  metal  of  friction  surface. 

As  was  established  in  the  example  of  other  thiophosphororganic  compounds,  in 
conditions  of  high  loads  and  heightened  temperatures,  in  places  of  contact  the 
additive  is  decomposed  with  formation  of  chemically  active  compounds,  which  in  turn 
react  with  metal  of  friction  surface,  forming  a  sulfide-phosphide  film  [153.  Thermal 
stability  of  compounds,  therefore,  plays  an  essential  role  in  mechanism  of  action  of 
antiwear  additives. 

Tests  of  antiwear  properties  of  technical  additives  —  dialkyldithiophosphates 
of  metals  —  were  conducted  on  a  four-bal".  friction  machine.  Spheres  prepared  of 
steel  ShKh-9  12.7  ran  diameter  were  used.  Relative  speed  of  slip  of  surfaces  of 
friction  of  spheres  was  around  0.25  m/sec. 
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For  *12  samples  of  oil  with  additives  curves  of  dependence  of  wear  were  obtained 
(average  diameter  of  spot  of  wear  on  lover  spheres  in  im)  from  total  axial  load 

On  kg). 


2.  Influence  of  retal 
dialkyldithioph  ;sphates  on 
wear  during  fri:tion. 

Cil  DS-2;  concentration 
of  additive  in  oil  3.5^. 
a — line  of  elastic  deformation; 
b— wear  during  dry  friction; 

1— oil  without  additive;  oil  with 
additive:  2-TF-l;  3— nF-2;  L— 
DF-’.,.;  5 — DF-5 ;  DF-8;  7 — rF-9; 

6— DF-10:  9—  DF-ll. 

KET:  (a)  Diameter  of  spot  of  wea  ■ 
on  lower  sphers,  nn;  (b)  Axial, 
load,  kg. 


Critical  loads  were  defined 
as  loads  at  which  wear  is  increased 
(break  of  curves  on  graphs  of  Fig. 

2),  caused  by  local  breaks  of  butyric 
and  "seizing"  of  surfaces  of 
friction. 

In  Fig.  2,  and  also  from  data 
of  Table  4,  it  is  clear  that  all 
investigated  additives  sharply  in¬ 
crease  critical  load  sustained  by 
oil  during  friction,  where  the  most 
effective  in  this  respect  turned  out 
to  be  barium  and  zinc  dialkyl dithio- 
phosphates  of  the  least  molecular 
weight,  containing  in  the  molecule 
relatively  short  hydrocarbon  radicals 


Antiwear  properties  of  high-molecular 

li  i  kyldithiophosphates  ('7-1  and  T-5)  are  expressed  noticeably  weaker  thu.;.  for  the 
I  •  ••  ■  3lecular.  Increase  of  antivear  properties  of  dialkyldithiophosphates  with  de¬ 
crease  of  length  of  hydrocarbon  ’-all  cals  contained  in  their  m.O'  -icules,  ray  be  seen 
especia'ly  graphically  in  conyarison  of  wear  —  load  curves  (see  Fig.  2)  in  a 
number  of  barium  salts  (FF-1 ,  FF-2  ann  FF-12). 


Table  U.  Influence  of  Additives  of  th«*  “"vie  ?>tal  Pialkyldithiophosrhates 

or  Properties  of  "il  tG-S 
Concentration  of  Additives  ir.  7*5*  Pil 


Additive 

■  *  —  ~  ] 

*3 

0 

■H  60 

V 

ii 

7:  rH 

> — ,  ■—  «  •  ■  — "  -  - — 

Stability 

»  -H  -H  « 

O  HH  9 

E  -H  +> 

E  ”3  jO  3 
®  -rj  *  G 
fi  X  tJ  -H 

F  O  «  E 

- - 

Content  of 
resins  in 
processed 
oil,  f 

Oil  without  additive 

64 

19 

15.2 

DF-l 

.  00 

65 

7.0 

DF-2 

145 

50 

DF-12 

194 

66 

__ 

PF-5 

92 

60 

8.0 

DF-8 

142 

66 

5.4 

DF-9 

145 

62 

6.0 

DF-10 

125 

63 

7.3 

PF-11 

165 

56 

6,8 

There  ia  indication  that  effectiveness  of  zinc  dialkyldithiophosphates  with 
reapoct  to  preventing  of  pitting  of  pushers  is  higher  the  lower  their  thermal 
stability  is;  where  temperature  of  decomposition  of  these  compounds  lies  below 
150°  [14].  According  to  our  data  the  temperature  of  the  beginning  of  decomposition 
diaUyldithiophosphates  of  zinc  and  barium  lies  within  the  limits  of  140-160°. 


Influence  of  Additives  on  Stability  of  Oil 


It  was  established  that  additives  of  the  type  metal  dialkyldithiophosphates 
increase  thermo-oxidizing  stability  of  oil  DS-8;  they  delay  also  formation  of 
soluble  resins  in  oil  during  its  test  on  PZV  setup. 

Thermo-oxidizing  stability  of  oil  was  determined  by  standard  method  [16].  From 
data  of  Table  4  it  is  clear  that  all  technical  additives  significantly  (approximately 
3  times)  increase  thermo-oxidizing  stability  of  oil  PS-9.  In  this  case  any  influence 
of  structure  of  additive  was  not  revealed:  during  test  of  all  additives  close  results 
were  obtained. 
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Determined  also  was  Influence  of  additives  on  resin  formation  in  conditions  of 
operation  of  PHV  setup.  From  data  of  Table  4  it  is  also  clear  that  all  additives 
alztost  in  identical  degree  (approximately  2  times)  lower  content  of  resins,  forming 
in  oil  during  work  of  motor. 

-The  question  about  influence  of  dialkyldithiophosphates  of  metals  on  stability 
of  oil  is  considered  in  more  detail  in  a  special  report  [17]. 

Concentrations  of  Additives 

In  the  above  described  research  the  concentrations  of  additives  constituted 
3.5*  of  oil.  Consequently,  depending  upon  molecular  weight  of  additives  their  molar 
content  in  oil,  and  also  quantitative  content  in  oil  of  metal,  phosphorus,  and  sulfur 
was  different  that  could  have  value  during  comparative  estimate  of  additives.  In 
connection  with  this,  in  this  work  in  all  cases  parallel  tests  were  conducted  of 
oil  DS-8,  containing  equinolecular  quantities  of  additives,  namely  1.05  mole  on 
100  g  oil.  Content  of  phosphorus  in  all  additives  constituted  0.065*, sulfur  0.137*, 
bariwa  (in  barium  salts)  0.146*,  sine  (in  zinc  salts)  0.06#.  Concentrations  by 
weight  of  additives,  corresponding  to  the  used  equinolecular  concentration,  were, 
naturally,  different:  3-5v  DF-1;  3.#  DF-..;  3.3*  Dr-5;  1.7*  DF-8  and  DF-9;  1.6* 

DF-10  and  DF-11;  1.8*  DF-12.  Majority  o:  additives  thus  was  tested  in  concentrations 
by  weight  less  than  3«5*. 

It  wes  estahlisher  that  in  those  cases  when  mechanism  of  action  of  additives 
i-.  -.nds  :n  their  surface  activity  (for  instance,  detergent  action  of  additives), 

;n  of  zinc  dialkyldithiochcsrhates  is  chained  (drops)  due  to  decrease  of 
concentration  by  weight,  in  smaller  degree  than  action  of  similar  barium  dialkyl- 
dithioj h03phates  (DF-1  and  DF-5,  TF-12  and  DF-9).  This  phenomenon  is  in  accordance 
with  the  fact  that  optimum,  concentration  of  salts  of  zinc  should  be  lower  than 
1  optimum  concentration  of  salts  of  barium. 
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Conclusions 


As  a  result  of  conducted  synthesis  and  research  investigation  of  a  number  of 
technical  additives  of  the  type  dialkyldithiophosphates  of  barium  and  zinc  it  was 
established  that: 

1)  additives  of  this  type  possess  determent,  anticorrosive,  and  antiwear 
properties  and  are,  furtheroore,  antioxidants,  and  some  of  then  are  depressors  and, 
de- emulsifiers; 

2)  separate  properties  of  dialkyldithiophospte.te  netals  as  additives  to 
lubricating  oils  are  expressed  in  different  degree  and  depend  on  structure  of 
additives; 

3)  properties  of  additives  —  dialkyldithiophosphate  netals,  which  depend  on 
their  surface  activity  (detergent  and  de-enulsifying  action;  partly  anticorrosive 
action;  depression  of  temperature  of  thickening  of  oils)  in  the  greatest  degree 
appear  for  high-nolecular  bariun  dialkyldithiophosphates.  Other  properties  of 
additives  (antiwear  properties)  a:*c  expressed  stronger  for  relatively  low-nolecular 
■etal  dialkyldithiophosphates. 

Properties  of  first  type  of  diaikyldithiop hosphates  are  in  accordance  with  their 
adsorptive  characteristic; 

4)  in  practical  relation,  the  greatest  interest  is  in  additive  DF-1  (heightened 
detergent,  anticorrosive  and  de-erul sifying  property)  and  additive  DF-11  (heightened 
antlwear  properties). 
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SYNTHESIS  OF  DIESTERDITHIOPHOSPHOROUS  ACIDS  AND  OP  THEIR 
DERIVATIVES  ON  THE  BASIS  OF  SUBSTITUTED  PHENOLS 
AND  APPLICATION  OF  THE!-!  AS  ADDITIVES 
TO  OIL  PRODUCTS 


V.  N.  Tishkov,  V.  I.  Isagulyants, 
Chang  Hsiu-Cheng,  and 
W.  II.  Utsmiyeva 
FJNKh  i  GP* 


Diesterdithiophosrhorous  acids  and  their  salts  during  the  last  10  years  have 
found  wide  application  abroad  Cl,  2]  as  highly  effective  multifunctional  additives 
to  lubricating  oils  for  engines  with  stressed  operating  conditions.  Namely  this 
tyre  of  phosphorous  additives  turned  out  to  be  the  most  effective  as  compared  to 
other  phosphorous  additives  and  quickly  occupied  first  place,  displacing  all  other 
types  of  phosphorous  additives  on  the  foreign  market. 

We  studied  the  reaction  of  phosphorous  pentasulfide  v/ith  substituted  phenols, 
conducted  synthesis  on  the  basis  of  obtained  diesterdithiophosrhorous  acids  of 
multifunctional  additives  and  investigated  dependence  of  activity  additives  on  their 
composition  and  structure.  The  following  tyres  of  phosphorous  additives  are  ob¬ 
tained  on  the  basis  of  substituted  phenols: 

1)  calcium,  barium  and  zinc  salts  of  diestherdithiophosphorous  acids; 

*!joscow  Order  of  Labor  of  the  Red  Banner  Institute  of  the  Petroleum  Chemical 
and  Gas  Industry  named  for  Academician  I.  !•!.  Gubkin. 


2)  ash- fro-  additives  ir.  the  form  of  binary  compounds  of  diesterdithioph- 
osphorous  acJJs  -.1th  aliphatic  anir.es  and  amides,  and  also  in  the  form  of  triesters 
of  dithiophosrhorous  acid; 

3)  phenolates  2.2  methylene-bis  (6-dithiophosphoric  acid  nethyl  4-tert-octyl 
phenol) ; 

4)  salts  of  esters  of  diamidodithiophosphorous  acid. 


Synthesis  of  Dicstcrdithicrhosrhorous  Acids  and  of  The5r  Salts 


Initial  raw  material  for  synthesis  of  die st e rd ithiopho s pho rows  acids  was  a 
homologic  series  of  substituted  phenols  with  alkyl  radicals  from  to  C^*  disulfides 
of  these,  phenols,  and  also  bispher.ols  with  methylene  cross-link.  Synthesis  of 
alkyl-ar.d  aryl-substituted  phenols  and  their  derivative  sulfide  and  disulfides  is 
described  in  [3,  4].  Therefore,  here  arc  presented  only  the  results  of  research  of 
initial  alkvlphenols,  obtained  for  their  further  processing  on  additives  (Table  l). 

Diesterdithiophosphorous  acids  were  obtained  by  the  reaction  of  above-indicated 
substituted  phenols  or  bispher.ols  in  a  solution  of  toluene.  Reaction  took  place 
1-1.5  hours  at  a  temperature  of  110°  according  to  the  following  diagram: 

1st  stage 

— ^__0  SJI 

_____  **  \ _  >  / 

4U-<?  ^-OII+P,S4^2  P  +IJ,S 


2nd  stage 


H-C 

y-°x 

/  n— \ 
,n  \~  / 

PSSH+Mo  (OH)n- 

0^ 

iR— ^ 

\ 

/ 

-°  \ 
PSS  1 

-0  / 


Mc-f /*  11,0 


where  R  —  alkyl  radical  from  — C^;  lie— Ca,  Da,  Zn;  n  equals  1  or  2. 

The  obtained  diesterdithiophosphorous  acids  after  determination  of  acid  number 
(Table  2)  and  establishment  of  end  of  reaction  were  changed  into  a  salt  of  calcium, 
barium,  and  zir.c  by  neutralization  by  corresponding  oxides  or  hydroxides  of  rctals 


ss 


(ii~e  s\’ t s  vrr..  <,t.;«*ln,'d  b;*  neutralization  of  diesterdi'hiorhosphorous  acid  by 
tine  acetate). 

Aft.tr  separation  of  insoluble  irrurities  by  filtration  and  distillation  of 
solvent,  the  ready  additive  was  investigated. 

The  obtained  compounds,  their  formulas,  and  results  of  their  investigation  are 
given  in  Tables  3,  4,  5- 

Ash-free  additives  were  obtained  in  two  tyres: 

1)  in  the  fora  of  binary  compounds  of  diesterdithiophosphorous  acid  with 
aliphatic  amines  or  anide  and 

2)  in  the  fora  of  triesters  of  dithiophosphorous  acid. 

Binary  cor. pounds  were  obtained  according  to  the  following  diagram: 


"«r'<r>-°\  i* 

■  •  /•  ^ 
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^  —0 
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where  R  —  alkyl  radical;  Rj  —  alkyl  radical  or  hydrogen. 

As  organic  bases  primary  and  secondary  aliphatic  amines  were  used:  a -methyl 
stearylamine,  octadecylanine,  guanidine,  and  al-o  diamine  of  sebacic  acid. 

Binary  compounds  were  synthesized  by  heating  diesterdithiophosphorous  acid 
with  corresponding  amines  cr  amide  in  a  benzene  r.edium.  Reaction  took  place  for  1 
hour  (with  guanidine,  5  hours)  at  a  temperature  of  40*.  When  diamide  of  sebacic 
acid  wan  used  as  an  organic  base,  reaction  took  place  at  a  temperature  of  160°. 

In  Table  6  are  given  formulas  and  results  of  in\  •stigation  of  the  obtained 
compounds . 

Ash-free  additives  in  the  form  of  tri-esters  of  aithiophosphorous  acid  were 
obtained  during  the  reaction  of  diesterdithio;hcsphorous  acid  with  propylent  oxide 
according  to  the  following  diagram: 


ai, 

1 

pot,  pssii+ah  m -ai,  -4  (roj  pssai-ai.on 

\  / 
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Table  1.  Character  -  Tnltia.l  and  Intennsdlate  Products  (Alkyl phenols  and  Disulfides  of  Alkylphsnols) 
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Table  2.  Characteristics  of  Diesterdithiophosphorous 

Acids 


Acid  number,  milligram 
KOH 


Calculated  Found 


tert-Butyl  phenol  diesterdithiophosphorous..'  142  141*4 

tert-Angrlphenol  diesterdithiophosphorous...  132.6  129.2 

tert-Cetylphenol  diesterdithiophosphorous..  110.5  111.0 

Disulfide-tert -octyl  pfaenol  diesterdithio- 

phosphorous. . . 98.5  103.0 

2 . 2-Hcethylene-bis-4-t«rt-octyl  phenol 

diesterdithio  phosphorous .  107 .0  105.5 

bls-Heptyl  diesterdithiophosphorous . .  117.1  107.5 

2-ethylhexyl  phenol  diesterdithiophos¬ 
phorous...... .............. ..............  110.6  106.5 

Disulfide-2-ethylhexylphenol  diesterdithio- 
phosphorous . .  98.5  97.3 


Table  3-  Calcium  of  Salts  Piesterdithiophosphorous  Acid 


Calcium  salt  of 
dlesterdithiophos- 
phorous  acid  on  a 
base  of 


Content 


£S£322233Z3E££63 


Monoalkyl phenol  disul¬ 
phide  (IP-22k,  alkali) 
Dialkylphenol  disulphide 

(IP-22k,  alkali) . 

Monoalkyl phenol  disul¬ 
phide  (IP-22k,  neutral 

antioxidant ) . . 

Dialkylphenol  disulphide 
(Academy  of  Sciences-2 
neutral,  antioxidant). 
Monoalkyl phenol  (IP-1 50k 


Monoalkyldiphenol  (neutra 
antioxidant) . . 


3.4  pi.Sj5.2Sj  5.0  21.815.0  48  0.56  0.5— 1 

U.l  15.7133  43  0.60  1 


5.95  Rl. 8  13.3  86  0.32  2-2.5 


5.76  15.713.8  84  0.31  — 

j.b  ic*.ui 5.V  I  4.8  12.2  9.9  52  0.55  1 

5.713.8  PW. 9  5.0  12.210.0  91  0.27  — 


Table  4*  Barium  Salta  of  Diesterdithiophoaphoroua  Acid 
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(Table  4  Continued) 
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To  diesterdithiophosphorous  acid  in  solution  of  benzene,  slowly  heated  up  to  70* 
(1  hour),  from  a  liquid-drop  funnel  (insersed  in  mixture)  was  added  propylene  oxide. 
Reaction  was  finished,  when  test  for  methyl  orange  showed  neutral  reaction.  After 
removal  of  surplus  oxide  of  propylene  and  solvent  —  benzene  —  distillation  of  the 
ready  additive  was  investigated.  Results  of  investigation  and  formulas  of  obtained 
compounds  are  given  in  Table  7. 

A  third  group  of  synthesized  compounds  of  the  type  phenolates  2 . 2-methyl ene- 
bis  (6-dithiophosphoric  acid  methyl  4-tert-octyl  phenol)  was  obtained  by  condensation 
of  chloromethyl  alkyl  phenol  or  its  disulfide  with  sodium  salt  of  diesterdithio- 
phosphcrous  acid  in  a  solution  of  ethyl  alcohol  during  heating  for  1.5-3  hours  at 
a  temperature  of  70-80°. 
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Results  of  investigation  obtained  coc.pcunds  and  their  fonrulas  are  presented 
in  Table  8. 
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Additives  of  the  4*th  group  of  salt  types  from  esters  of  dlanidcdithiopho- 
sphorous  acid  were  obtained  according  to  the  following  diagram: 


**  «-O0,,+ >or'  +im 

Nj 

O  KIL 

2.  ,-Q  +SII/1 


\l  \ll, 

tOL  Xl( 

A \  /  £  ■  -  ■  »  /  \ 

_ ^,-Or  4PrSr-*»-^  ^-Or  PSSH4M^? 

Nw,  'kii7 


Ra  (Oil),  W  1,0 


4.  31— /  N| 


>-OP  PSSIU 
•x  \  ✓ 


I  Bi+KMM) 


In  the  beginning,  by  heating  at  50*  for  U  hours  a  halide  compound  of  phosphorous 
and  n-tert-octyl  phenol  or  its  disulfide  in  a  solution  of  toluene,  acid  chloride  of 
ester  of  phosphorous  acid  was  obtained,  which  during  subsequent  interaction  of  it 
with  gaseous  anronia  in  conditions  of  cooling  of  reaction  mixture  by  ice  was  turned 
into  ester  of  diar.i  phosphorous  acid.  After  distillation  of  a  light  solvent  — 
toluene  and  its  replacement  by  a  kerosene  solvent,  the  obtained  product  reacted 
with  phosphorous  pentasulfide  for  2  hours  at  a  temperature  of  179-185*.  After 
separation  of  residue  of  phosphorous  pentasulfide  by  filtration  and  distillation 
of  kerosene  ester  of  diaridocithiophosphorous  acid  was  obtained.  Salts  of  this 
compound  were  obtained  by  treating  the  ester  by  hydrate  barium  oxide.  3y  this 
msans  two  con  pounds  were  obtained. 

Results  of  investigation  and  formulas  of  obtained  compounds  are  given  in 
Table  9. 
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A»h-fr*o  Additim  of  tho  Type  Trioothoro  of  Dithiophoophonaa  Acid 
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T*bX«  6.  Choroetor^tiea  of  Obtolnod  Coapounds  of  Um  Phtsolatoo  Tj^po 
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•  #H,»  C#H|* 


odlthio phosphorous  Acid 


MOTK*  t hr  dissolution  la  oil  the  above  add it Its  was  mixed  with  trialkylphsnol  in  a  111* ratio 


Results 


Discussion  of  the  Obtained 

Coe  pounds  obtained  In  the  fora  of  calc  las  salts  of  diesterdlthio  phosphorous 
acid,  are  effective  multifunctional  additives,  possessing  antioxidant  and  detergent 
properties  (see  Table  3).  A  peculiarity  of  these  compounds  is  the  possibility  of 
obtaining  them  both  in  the  font  of  an  alkali,  and  also  1.4  the  fora  of  neutral  salts. 
When  they  are  obtained  in  the  fora  of  alkali  salts  with  a  high  content  of  calcium 
(near  12%)  t  they  show  high  detergent  properties  (0.5-1  point  with  respect  to  PZ?) 
and  a  lowered  antioxidant  effect,  the  coefficient  of  varnish  formation  A'j  * 

*  0.5— 0.6  (sample  1  and  2,  Table  3)*  Neutral  calcium  salts  of  dlesterdithiophospho- 
rous  acid  (sample  3,  Table  3)  with  low  Ca  content  (near  2%)  are  effective  anti¬ 
oxidant  additives.  Their  detergent  properties  are  insignificant. 

Due  to  revealed  regular  dependence  of  increase  of  antioxidant  properties  of 
ealcius  salts  of  diesterdlthlophosphorous  acid  with  decrease  of  calcium  content  in 
a  molecule  of  additive,  during  a  simultaneous  certain  lowering  of  detergent 
properties,  it  Is  possible  to  obtain  an  additive  of  this  type  in  numerous  variants 
with  given  properties. 

Of  numerous  additives,  st  present  there  Is  interest  in:  l)  alkali  calcium 
salt  of  disulfide  octylphenol  diesterdlthlophosphorous  acid  with  Ca  content  near 
12%  (multifunctional  additive  IP-22k),  which  shewed  high  quality  during  numerous 
motor  tests;  2)  neutral  calcivm  salt  disulfide  octylphenol  diesterdlthlophosphorous 
acid  with  Ca  content  near  2%  (antioxidant  additive  of  Academy  of  Sclences~22k) 
as  an  effective  oxidizer  for  work  in  conditions  of  high  temperatures. 

Preliminary  experiments  showed  that  this  additive  (Academy  of  Sciences-22k) 
can  be  applied  as  a  component  for  formation  of  compositions  with  sulfonate  additives 
■C-102u,  SB-3,  and  others,  with  which  it  is  well  combined  (Table  10). 
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Table  10.  Results  of  Tests  of  Sulfonate  SB-3  and  of  Additive  of 

Academy  of  Sciences-22k 


Compound 

Thermo  oxidizing 
stability  at  2.60°, 
minutes 

loefficient 
3f  varnish 
formation 

Detergent 
properties 
with  respect 
to  PZV,  points 

10%  sulfonate  SB-3  in 
oil  KT-16 . 

16 

2.3 

0.5 

U.5%  antioxidant 
addition  of  Academy 
of  Sciences-22k  in  oil 
KT-16 . 

80 

0.33 

2.0— 2.5 

9%  mixture  (2:l) 
sulfonate  S3-3  with 
antioxidant  additive 
of  Academy  of  Sciences- 
-22  in  oil  KT-16 . 

87 

0.30 

0.5 

During  investigation  of  barium  salts  of  diesterdithio phosphorous  acid  (see 
Table  4),  obtained  in  the  fora  of  neutral  salts,  it  was  shown  that  with  respect  to 
their  own  performance  characteristics  they  differ  little  from  similar  calcium  salts; 
obtaining  them  is  connected  with  consumption  of  expensive  barium  oxide  hydrate  and, 
therefore,  without  damaging  quality  of  the  additive,  barium  can  be  replaced  by 
calcium. 

Prom  data  in  Table  5  it  is  possible  to  see  that  zinc  salts  of  diesterdithio- 
phosphorous  acid  have  high  antioxidant  properties;  they  do  not  show  detergent 
properties.  The  highest  antioxidant  properties  are  possessed  by  zinc  salt  of 
diesterdithiophosphorou3  acid  on  an  octylphenol  base,  and  also  a  similar  bispheno 
with  a  methylene  or  disulfide  cross-link. 

Preliminary  tests  of  mixtures  of  zinc  salts  of  diesterdithiophosphorous  acid 
with  sulfonate  additives  was  showed  that  they  combine  worse  with  the  latter  than 

i 

calcium  antioxidant  additive  of  the  Academy  of  Sciences-22k  which  it  is  possible 
to  see  from  data  of  Table  11. 
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Table  11.  5* suite  of  Tests  of  Sulfonate  NG-lC2u  and  Anti-Oxidizers 


Compound 

Additive 
in  oil, 

% 

Thermo 
oxidizing 
stability 
at  260*, 
minutes 

Coefficient 
of  varnish 
formation 

Km 

Detergent 
properties 
with  reaps* 
to  PZV, 
points 

Sulfonate  NG-102u  (detergent 
component). . . . 

6 

Id 

1.9 

Dithiophosphate  of  zinc 
(antioxidant  additive  on 
an  alkylphenol  base) . ..... 

4.5 

77 

0.38 

1.5 

Calcicn  antioxidant 
additive  (Academy  of 
Sciences-22k) . 

4.5 

00 

0.33 

2—2.5 

Mixture  of  sulfonate  NG-102u 
and  dithiophosphate  of 
sine  (2:1)... . . 

6 

38 

72 

0.70 

0.37 

Mixture  of  sulfonate  Nr/-102u 
and  calcium  antioxi  .ant 
additive  of  Academy  of 
5ciences-22k  (2:1) . 

i 

i 

6 

It  was  established  (see  Table  6)  that  ash-free  additives,  obtained  in  the 
fora  of  bin&ny  compounds  of  diesterdithiophosphorous  acid  with  amines,  do  not 
possess  detergent  effect  and  according  to  the  nature  of  their  ov;:  action  can  be 
attributed  to  antioxidant  additives.  The  best  additive  of  this  type  turned  out 
to  be  a  guanidine  additive,  showing  high  antioxidant  properties  (thermo-oxidizing 
stability  for  70  minutes  at  260*  and  A.,  -  0.25). 

Ash-free  additives  of  the  type  triesters  of  dithiophosphorous  acid  did  not 
reveal  detergent  properties  (see  Table  7).  Introduction  of  propylene  oxide  in 
molecule  of  diesterdithiophosphorous  acid  favorably  influenced  antioxidant 
properties  of  all  obtained  compounds.  The  best  additive  of  this  type  turned  out 
to  be  an  additive  obtained  on  a  base  of  diesterdithiophosphorous  acid,  containing 
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1b  the  composition  of  its  own  molecule  an  octylphenol  radical  (‘heroo-oxidizing 
stability  of  00-82  minutes  at  260*  and  ua  *  0.32  —  0.38). 

It  is  necessary  to  note  the  practical  value  of  triesters  of  dithiophosphorous 
acid  as  effective  antioxidant  additives.  Their  value  increases  if  one  considers 
that  these  compounds  are  excellent  solvents  of  a  number  of  difficult-soluble 
substances.  They  prevent  loss  of  additives  from  butyric  solutions  in  the  form  of 
deposit,  therefore,  they  can  be  applied  as  additives  stabilizing  the  butyric 
solutions  of  additives 

Investigation  of  organic  phosphorous  compounds  of  third  group  of  the  type 
alkylphenol  phenolates,  containing  in  side  chain  of  benzeue  nucleus  a  substituted 
diesterdithiophosphorous  acid  (see  Table  8)  shoved  that  with  respect  to  their  own 
performance  characteristics  they  differ  little  from  additives  of  the  first  group 
of  the  type  diesterdithiophosphorous  acids,  but  obtaining  them  is  connected  with 
a  somewhat  more  complicated  technology,  hampering  their  manufacture.  It  was  revealed 
that,  content  of  alkylphenol  groups  in  structure  of  compound  determines  their 
activity  as  additives. 

Preliminary  results  of  the  investigation  of  performance  properties  of 
nitrogen- containing  additives  of  the  fourth  group  of  the  type  diamidodithio phospho¬ 
rous  acids  (see  Table  9)  did  not  show  any  noticeable  difference  as  compared  to 
compounds  of  first  group  of  type  diesterdithiophosphorous  acids.  However,  the 
possibility  is  not  excluded  that  presence  of  nitrogen  improves  certain  special 
r.  c  ssary  properties  of  oils,  not  revealed  by  preliminary  investigation. 

Conclusions 


1.  On  a  base  of  diesterdithiophosphorous  acid  are  synthesized  35  different 
compounds,  some  of  them  in  an  almost  analytically  pure  form.  These  compounds 
constitute  certain  types  of  multifunctional  and  antioxidant  additives. 
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2.  Synthesis  of  multifunctional  additive  XP-22K  (alkali— calcium  salt  of 
diesterdithiophosphorous  acid)  is  adopted  on  an  industrial  scale;  antioxidant 

.  additives  —  neutral  calcium  salt  of  diesterdithiophosphorous  acid  and  glycol  ester 
of  diesterdithiophosphorous  acids  are  selected  as  the  most  effective  as  a  result 
of  laboratory  tests  of  their  performance  properties.  * 

3.  Antioxidant  additive  of  Academy  of  Sciences-22k  shows  good  compatibility 
with  certain,  sulfonate  additives;  it  significantly  increases  antioxidant  effect 
of  the  latter  and  can  be  reconaended  for  formation  of  additive  compositions. 

4.  As  a  result  of  conducted  investigation  the  possibility  is  established  of 
obtaining  neutral  and  alkali  salts  of  diesterdithiophosphorous  acids  with  given 
properties,  either  heightened  antioxidant  or  dispersive. 
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SYNTHESIS,  RESEARCH,  AND  APPLICATION  OP  SULFONATE 
ADDITIVES  TO  LUBRICATING  OILS 


A.  M.  Kuliyev,  K.  I.  Sadykhov,  and  M.  A.  Ka&edov 
INKhP  AN  AaSSR* 

The  authors  carried  out  synthesis  of  a  number  of  salts  of  sulfonic  acids  of 
alkyl  aromatic  hydrocarbons  and  studied  the  effectiveness  of  their  action  on  oils 
depending  upon  molecular  weight,  structure,  and  also  upon  character  of  metal 
entering  in  their  composition. 

Selection  of  alkyl  aromatic  hydrocarbons  as  raw  material  for  synthesis  of 
sulfo  salts  is  explained  by  the  fact  that  during  sulfonation  of  petroleum  distillates 
sulfonic  acids  are  formed,  basically  owing  to  the  alkyl  aromatic  hydrocarbons  in 
the  raw  material. 

Alkyl  aromatic  hydrocarbons  were  synthesized  by  means  of  alkylation  of  benzene, 
napthalene,  tetralin,  phenol,  and  chlorobenzene  by  un saturated  hydrocarbons  and 
-Vyl  halides  in  the  presence  of  catalysts. 

Alkyl-derivative  aromatic  hydrocarbons  were  subjected  to  sulfonation  by 
sulfuric  acid  or  oleum  to  obtain  corresponding  sulfonic  acids,  from  which  different 
metallic  salts  subsequently  were  obtained  U]  by  treating  their  corresponding 

*Institute  of  Petro-chemical  Processes  of  the  Academy  of  Sciences  of  the 
Aserbaydzhan  SSR. 
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carbonates  by  salts  [2].  Sulfo  salts  were  separated  from  inorganic  In  purities  by 
extraction  by  ethyl  alcohol  or  benzene . 

To  study  •influence  of  nature  of  metal  on  detergent  and  dispersive  properties 
9t  sulfo  salts,  besides  the  calcium  and  barium  salts  of  sulfonic  acids,  sulfonated 
alkyl  aromatic  hydrocarbons,  were  obtained,  and  also  cobalt,  lead,  strontium,  and 
copper  salts  of  sulfo  acids  of  sulfonated  alkylbenzene  (Table  l)  were  investigated. 

Synthesized  salts  of  sulfonic  acids  of  alkyl  aromatic  hydrocarbons  of  different 
structure  were  investigated  with  respect  to  their  solubility  in  oils  and  other 
solvents.  As  solvents  water,  ethyl  alcohol,  toluene,  and  industrial  oil  50  (machine 
SO)  were  used. 

Research  showed  that  solubility  of  salts  of  sulfonic  acids  la  different 
solvents  basically  depends  on  their  molecular  weight. 

Vith  increase  of  number  of  carbon  atoms  in  side  alkyl  chain,  i.e.,  with  in¬ 
crease  of  molecular  weight  of  sulfonic  acids,  solubility  of  sulfo  salts  in  water 
and  alcohol  decreased,  and  their  solubility  in  toluene  and  industrial  oil  50  was 
increased. 

Barium  salts  of  sulfonic  acids  as  compared  to  corresponding  calcium  sulfo 
salts  showed  best  solubili  ty  in  toluene  and  oil  and  the  worst  —  In  water  and 
alcohol. 

Sulfo  salts  of  alkyl  napthaline  are  dissolved  much  better  in  oils  than 
corresponding  sulfo  salts  of  alkyl  benzenes. 

To  study  Influence  of  chemical  nature  sulfo  salts  on  quality  of  lubricating 
oil  samples  of  industrial  oil  50  with  different  sulfo  salts,  well  dissolved  in  oil 
were  prepared  and  investigated.  Stability  against  oxidation  according  to  the 
method  of  Azlfll  (Azerbaydzhan  Scientific  Research  Institute),  oorresiveaess 
according  to  Pinkevich  method  on  plates  prepared  from  lead,  and  detergent 
properties  according  to  method  of  PZT  (Tables  2-4)  were  determined. 
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As  can  be  seen  from  given  data,  all  sulfo  salts  lower  the  stability  of  oils 
against  oxidation  and,  consequently,  catalyze  the  process  of  oxidation.  The 
catalyzing  action  of  barium  salts  of  sulfo  acids  on  oxidation  of  oils  is  possibly 
stronger  than  that  of  calcium.  The  least  catalyzing  action  on  oxidation  of  oils 
is  shown  by  cobalt  salt  of  isocetylbenzenesulfonic  acid.  Strontium  salt  conducts 
itself  just  as  calcium,  does. 

Introduction  of  hydroxyl  group  in  the  composition  of  aromatic  nucleus  of 
isocetylbenzenesulfonic  acid  increases  antioxidant  action  of  additive.  With  an 
additive  of  12  bariua  or  calcium  salts  of  isocetylbenzenesulfonic  acid  stability 
of  industrial  oil  50  is  increased;  induction  period  of  oxidation  is  increased  from  5 
to  30  minutes,  and  time  of  absorption  of  20  ml  of  oxygen  from  175  to  205-219  minutes. 

Results  of  test  of  different  sulfo  salts  in  a  mixture  with  industrial  oil  50 
according  to  Pinkevich  method  showed  a  certain  dependence  of  their  corrosion 
properties  on  chemical  composition.  It  is  clarified  that  with  an  increase  of 
number  of  carbon  atoms  in  side  alkyl  chain  of  sulfo  salts,  their  corroding  action 
in  oils  is  increased. 

Salts  of  different  metals  of  the  same  sulfonic  acids  unequally  act  on  corrosion 
aggressiveness  of  oils.  Barium  salts  of  sulfonic  acids  are  more  corrosional- 
aggressive  than  corresponding  calcium  su^ts .  Strontium  and  cobalt  salts  of  isocetyl¬ 
benzenesulfonic  acid  with  respect  to  corrosion  action  are  close  to  calcium  salt, 
and  lead  and  copper  salts  to  corresponding  barium  salt. 

With  increase  of  number  of  carbon  atoms  in  side  alkyl  chain  of  sulfo  salts, 
u..  .dr  detergent  croperties  are  increased.  Comparison  of  properties  of  calcium  and 
bariua  salts  of  the  same  sulfonic  acid  showed  that  barium  su-fo  salts  with  respect 
to  detergent  and  dispersive  properties  are  more  effective  than  calcium  salts.  Of 
other  salts  of  sulfonic  acids,  cobalt  salts  possess  the  best  properties.  Lead  salt 
acts  like  barium,  and  strontium  like  calcium  salt. 
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Table  1.  Physico-Chemical  Properties  of  Synthesized  Salts  of  Sulfonic  Acids 


Synthesized 

compound 

Assumed 

empirical 

formula 

i 

Kolec- 

ular 

weight 

Content  ■ 
of  sul—  1 
fur,  % 

Ash  content 

In  the  form 
tfeSO^,  % 
(calculated  . 
an  sulfo  salt; 

£ 

* 

T3 

§ 

£ 

Calcu¬ 

lated 

~r 

Found 

b  T3 

O  4) 

O  r- 1 

1 

Found 

Calcu¬ 

lated 

1 

Calcium  salt  of  p-toluene-  I 
sulfonic  acid . ■ 

(Oil,— C,H,— SO,).  Ca 

_ 

3S2  ! 

10, '.3 

10,75 

r>.r» ; 
\ 

35,6 

2 

Barium  salt  of  p-toluene-  1 

sulfonic  acid . 1 

(CiiJ-c1n4-sos),na 

479,30 

12. Ofi 

13,35 

/.8.S0 

48.G2 

3 

Calcium  salt  of  p-ethyl- 
benzenesulfonic  acid ...... 

(C1IIi-C,I!,-S0J),Ca 

410.0 

15,52' 

i:».co 

33,78 

33.20 

4 

Barium  salt  of  p-ethyl- 
benzenesulfonic  acid . 

(ryij-cji.-so,),  na 

507.3 

12-3'1 

:  12,62 

41,79 

46,01 

5 

6 

Calcium  salt  of  isopropyl- 

benzenesulfonic  acid . 

Barium  salt  of  isopropyl- 

(0,11,-0.11,— S04).  Ca 

— 

•'i38 

14,56 

14.01 

31.51 

31,08 

benzenesulfonic  acid . 

(0,11, -0.11, -SO,),  Ha 

— 

535,3 

11,02! 

!  n.% 

43, '.7 

43.52 

7 

Calcium  salt  of  sec-butyl- 
benzenesulfonic  acid . 

(O.I!,-C,ir,-SO,),Oa 

466 

:  1 

:  1-3,70 

1.3.73 

29.46 

29,18 

8 

Barium  salt  of  sec-butyl- 
benzenesulfonic  acid . 

(0,11, -0,11, -SO,),  Ha 

- 

503.3 

11,01 

11,30 

41. '.1 

41,36 

9 

Calcium  salt  of  isoctyl- 
benzenesulfonic  acid . 

(C»1I„— C,H,— SO,)*  Ca  j 

578.0 

11. 1C 

11,07 

24.30 

23,52 

10 

Barium  salt  of  i_,octyl- 

benzesulfonic  acid . 

1 

(ctHI,-c4ii4-soa)inft 

— 

C75.3 

9.5C 

/ 

9.49 

i  i 

35.42 

34,48 

11 

Calcium  salt  of  isododecyl- 
benzenesulfonic  acid . 

(C„H»-C.ll,-SO,),Ca 

08  4.2 

C9O.0 

9.01 

9,27 

19,14 

19,71 

12 

Barium  salt  of  isododecyl- 
benzenesulfonic  acid . 

(Ol,II,i-C.lI,-SO,)!  Ha 

779.5 

787.3 

8,01 

8.12 

29,31 

29,59 

13 

Calcium  salt  of  isocetyl- 
benzenesulfonic  acid . 

(O,,!!,,— 0,11,— SO,),  Oa 

794,0 

8O2.0 

7,51 

j  7,98 

I  10,58 

16,95 

14 

Barium  salt  of  isocetyl- 
benzenesulfonic  acid . 

(C„IU,-C.H,— SO,).  Ha 

890.1 

899.3 

6,91 

7.11 

25.89 

25,90 

15 

Strontium  salt  of  isocetyl- 
benzenesulfonic  acid ..... 

Cf!I,~ S0j)s  Sr 

8 11 

8'i9,G 

J  7,58’  21,01 

1  t 

1 

21.01 

16 

Lead  salt  of  isocetyl- 

benzenesulfonic  acid .... . 

I  C|,IIM — 0,11,— SO,),  Pb 

001.1 

9C2.2 

6,43 

1  G.G‘ 

i' 30-39 

31,28 

17 

Cobalt  salt  of  isocetyl- 
benzenesulfonic  acid . 

1  (0,,H„— 0,11,— SO,),  Co 

812.8 

820 JO 

7,3> 

J  V 

j  I8A3 

18,87 

18 

Copper  salt  isocetyl- 

benzenesulfonlc  acid . 

j  (CnUu*- Cu 

!  8 1C.'. 

823,5 

7iV 

i  7,7: 

>  18,54 

|  19,32 

(Table  1  Continued) 


19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

*»o 

31 

32 

33 

34 


Caldhm  salt  of  alkyibenie no- 
sulfonic  acid  (from  cwloro— 

paraffin) . . . 

Barlun  salt  of  alkylbenzene- 
sultealc  acid  (frotv  chloro- 

paraffin), . 

Caldun  salt  of  isocetyl- 
naphthal cncaul fonlc  acid... 
Bariun  salt  of  isocetyi- 
napfcthalenesulforiic  acid... 
Calcian  salt  of  isododecyl- 
ssffcthalenesuLfonlc  acid... 
Bariun  salt  of  isododecyl- 
saphthalenesul foaLc  *eid... 
Calcian  salt  of  isocetyl- 
naphthalenesulfonic  acid... 
Barlun  salt  of  iso  cetyl- 
naphthalenesulfonic  acid... 
Calcion  salt  of  isot-tra- 
eosy . *phthalenec  ul  foni  c 

acid.. . 

Barlun  salt  of  isotetra- 
eoaplaaphthaler  esul  fodr 

acid.. . . 

Caleius  salt  of  ..socetyl- 

pheaolsultenic  acid . 

Parlue  salt  of  isocetyl- 
phnnolsnlflanic  acid........ 

1  clue  salt  of  icrvretyl- 

cntrmllnsul foni c  acid . 

Barlm  salt  of  isocetyl- 

tot  rail  •  jh ul  frr. I c  acia . 

Calcim  salt  of  i  -ocetyl- 
■onochlorobcnxe  neaul  Panic 

acid . 

Barlue  salt  of  isocet/1- 
nonochloroben.  inesul  Tonic 
acid . 


hammed 
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Table  2.  Influence  of  Richer  of  Carbon  Atoms  lit,  Side  Alkyl  Chains  of  Sulfo 
Salts  on  Effectiveness  of  Their  Action 


Asst saed 
empirical 
formula  of 
sulfo  salt 

Deter*, 
gsrt 
prop¬ 
erties 
with  re¬ 
spect 
to  PZ?, 
points 

Stability 

according 
to  eetnod 
t»f  AsITII, 
■lautes 

Corrosiveness 
according  to 
finkevich  method 

Produet 

» 

6 

O 

«*  s 
0  0 
9 

n 

III 

oft  c 

tmQ  • 
•  Oft  VC 

.55^  fr 

(H  •  O  O 

u 

5  s 

§3 

c3 

n  r+ 

•H  rl  X 

O  -r4  O 

<  *  e 

Corrosion  0 l 
lead  plate, 
f/«n2 

Industrial  oil  50 

Industrial  oil  SO 
with  additive 

1%  barium  salt  of 
isccetylnaphthalene- 

5-5.5 

5 

175 

0.21 

59.34 

sulfonic  acid . 

1%  barite  salt  of 
isododecyln&phthalene- 

4.5 

6 

72 

35.78 

sulfonic  acid . 

UK  barite  salt  of 
isocetylnaphthalene- 

-  SO.), It* 

3.5 

5 

68 

0.36 

38.74 

sulfonic  acid . 

UK  barite  salt  of 
isotetracosyl- 
naphthalenesul  fonlc 

U  ,*M  ,  «,.»«.  SO.),IU 

2.0-2.; 

7 

61 

0.43 

55.07 

acid . 

1.5-3.© 

6 

56 

0.51 

67.77 

Introduction  of  hydroxyl  group  in  composition  of  aronatic  nucleus  of  sulfb 
•site  end  chlorine  insignificantly  affects  detergent  and  dispersive  ability  of 
sulfb  salts. 

In  sulfo  salts  the  majority  of  the  carriers  of  the  detergent  properties  are 
see— ad  to  be  sulfo  groups  connected  with  different  eetals. 

If  one  vers  to  approach  from  this  point  of  view,  then  the  sulfo  salt  with  the 
snaller  molecular  weight,  i.«. ,  containing  short  side  with  long  side  chains,  since 
in  low-molecular  sulfb  salts  the  ratio  of  sulfo  group  to  hydrocarbon  radical  is 
larger  than  In  sulfo  salts  containing  long  side  chains.  Obtained  data  did  not 
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eonfira  this  position.  Apparently,  besides  the  above-mentioned  factor  the 
effectiveness  of  action  of  salts  is  influenced  by  solubility  in  hydrocarbons, 

character  and  magnitude  of  radicals,  structure  and  nature  of  molecules  of  sulfo 
Mite  |  response  of  oils  to  separate  salts  of  sulfonic  acids,  nature  of  metal,  and 
others r 

Obviously,  one  of  the  decisive  factors  affecting  detergent,  dispersive,  anti¬ 
corrosive,  stabilizing,  and  other  properties  of  sulfc  salts  is  their  catalytieal 
action  on  oxidation  of  oils. 

Depending  upon  nature  of  sulfo  salts,  the  direction  and  speed  of  oxidation 
of  oils  sharply  change,  ard  character  of  products  of  oxidation  is  changed  which 
significantly  affects  effectiveness  of  action  of  sulfo  salts. 

Also  depressor  properties  of  salts  of  sulfonic  acids  were  studied  (Table  5). 

It  was  clarified  that  with  increase  of  molecular  weight  the  depressor 
properties  of  synthesized  sulfo  salts  art  increased. 

Study  of  action  of  different  sulfo  salts  on  detergent  and  dispersive  properties 
of  oils  showed  that  for  a  detergent  component  of  the  additives  it  is  desirable  to 
use  barium  salts  of  sulfonic  acids  of  sulfonated  alkyl  aromatic  hydrocarbons  with 
long  paraffin  chains.  These  sulfosalt3  also  possess  depressor  properties. 

Positive  results  obtained  during  ir  :stigation  of  sails  of  sulfonic  acids  of 
alkyl  aromatic  hydrocarbons  as  detergent  additives,  made  subsequent  research 
possible  in  the  direction  of  synthesis  and  selection  for  motor  and  tractor  oils 
of  the  rost  effective  detergent  additive  on  a  base  of  sulfo  salts  obtained  from 
'onated  oil  products. 

Pbr  that  hlgh-oolecular  pe fractions  were  sulfona  ed,  containing  in 
composition  alkyl  o.romatic  hydrocarbons  with  long  paraffin  chains,  fbr  instance, 
petrolatum  from  Surakhany  sele-ted  oil,  depressor  AzMII,  butyric  fraction  of 
Romas  hkirvo  ell  (fr.  4*00- 500*),  concentrate  and  wide  solar  oil  fraction  of 
Surakhany  selected  oil  and  other.  Ready  Baku  of  different  molecular  weight 


Table  3*  Influence  of  Nature  of  Ketal  on  Effectiveness  of  Action  of 

dulfo  Salts 


•  * 

as 

ib 

9  . 

Stab! 

accon 

to  me 
of  Azl 
minut 

Lity 

ling 

thod 

Mil, 

ss 

Corrosii 
accord  ii 
Pinkevi< 
method 

rity 
jg  to 
:h 

Product 

empirical 
formula  of 
sulfo  salt 

r— 

Dotercont  pi 
with  respect 
points 

induction 

period 

time  of 
absorption 
of  20  ml  of 
oxygen 

«a 

U 

\l 

^  3  o 
sis 

w’ 

6  3 

•  a 

O  DN 
O  .H  <3 

Industrial  oil  50 

5—5.5 

5 

175 

0.21 

59.34 

Industrial  oil  50  with 
additive: 

1%  calcium  salt  of 
isoeetylbenzene- 
sulfonic  acid . . 

(<•,.11 1  «yi,- 

3. 5-4.0 

5 

64 

0.26 

43.31 

l£  bariisa  salt  of 
iaocetylbenzene- 
sulforic  acid . 

3.0 

6 

49 

0.38 

62.09 

1%  etrontiur  »olt  cf 
cetylbenzene- 
sulfonic  acid . 

l'  hIIii 

3. 5-4.0 

1 

7 

61 

0.79 

42.15 

1%  lead  salt  of 
isocetylbonzene- 
sulfonic  acid . 

3.0 

8 

103 

0.92 

64.71 

1 %  cobalt  salt  of 
isocetylbenzesul- 
fonic  acid . 

!«•  II,  UII.-SO.M** 

2.5 

16 

145 

0.91 

44.47 

1%  copper  salt  of 
i soce  tylbenzene - 
sulfonic  acid . 

<C,,liu  cji,  s« 

4.5 

9 

119 

0.89 

44.47 

and  viscosity  were  also  subjected  to  sulfonation:  solar  oil-spindle  oil,  trans¬ 
former,  turbine,  industrial  oil  50,  motor  oil,  AK-10,  diesel  oil  of  selective 
purification  with  kinematic  viscosity  11  and  14  ca  at  100*,  and  also  oils  AS- 5  and 
AS-9.5  from  eastern  oils. 

Also  investigated  were  high-molecular  alkyl  aromatic  hydrocarbons,  obtained 
as  a  result  cf  reaction  of  alkylation  of  benzene  and  phenol  with  chlorinated 
Croan'ye  paraffin  and  wide  solar  oil  fraction. 
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Table  4.  Influence  of  Character  of  Araeatic  Sueleua  and  Functional  Groups 
on  Effectiveness  of  Action  of  Sulfo  Salts 


eaqdrical 
foreula  of 
eelfo  salt 

8.2 

Stability 
according 
to  eethod 
of  As*II, 
aismtes 

Corrosivity 
according  to 
Pinkevich  nethod, 
(50  hours) 

nraoct 

Is 
*1  & 

tim 

fsS 

sss, 

e 

s 

3? 

si, 

o 

Iv. 

o&:g 

ills 

4  4n  o 

•s 

•*& 

is 

cs 

33 

<  fl 

w 

°  • 
c  *» 

31 

In 

OH  U 

Industrial  oil  50 
Industrial  oil  50 
with  additive: 
lS  calcium  salt  ol 
taacotylbcnaeno- 

— * 

W.5 

5 

175 

m 

59.34 

eel  fan lc  acid... 
IS  beriua  salt  of 
ieooetjlbenxene- 
eolphonic 

I|~ 

I.5-4.C 

5 

i 

64 

Q.2o 

43.31 

add . . . 

1 S  calcicn  salt  ol 
iaoeet/lnaphth- 
alsneaul  faslc 

fC,^  j 

3.0 

6 

49 

0.33 

62.00 

IS  berltn  salt  of 
laocetjlnaphtb- 
alenesulfonic 

■ 

7 

86 

0.29 

22.46 

add . . . 

IS  calcine  salt 
leeoetyltetre- 
lfaaal  ffcmlc 

i*  e» 

7 

62 

0.43 

55.07 

1 %  harUm  salt  of 
ieeostyltetra.- 
Uasulfonic 

S4»ACj 

u 

7 

81 

0.37 

42.64 

add . . 

IS  calcine  salt  o: 
laacetyipb— pi- 

3.5 

5 

54 

0.41 

58.53 

eelthalr  acid... 
IS  barlua  salt  of 
iaacotyl pheool- 

4.0 

31 

219 

0.29 

63.08 

■ 

eeUhaic  acid... 
IS  caldas  salt  ol 

r„H  ,-rji/tu-soj.iu 

3-5 

1 

205 

aaUOaic  acid... 
IS  herlaa  salt  of 

cttarobenzane- 

E 

97 

MUi 

■1 1 

selibnic  acid... 

3.0  | 

5 1 

56 

0.34f 

67.44 
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Table  5.  Influence  of  Salts  of  Sulfonic  Acids  on  Temperature  of  Thickening 

of  Oil  AX-15 


Assumed  empirical 

Pour 

Degression  of 

formula  of  sulfo 

point. 

temperature  of 

Product 

salt 

•c* 

thickening,  *C 

Oil  AX-15 . 

— 

-3  -  -5 

— 

Oil  AK-15  with  additive: 

1%  barium  salt  of 

isocetylbenzene- 
sulfonie  acid . 

•i  —  —6 

1 

Uf  calcium  salt  of 

alkylbenzene- 
sulfbnic  acid 

(alkylation  of 
benzene  by  chlo¬ 
rinated  paraffin).  •• 

(C.,nw  r,ns-so,).c» 

-20  -  -22 

17 

1$  barium  salt  of 

alkylbenzene- 
sulfonic  acid 

• 

(alkylation  of 
benzene  by  chlo¬ 
rinated  paraffin)... 

-20  -  -22 

17 

l£  bariimi  salt  of 

isocetylnaphtha- 
lenesul fonlc  acid... 

C|.H.  -''OJ.  iu 

-3  -  -6 

0 

1%  calcium  salt  of 

isotetracosyl- 
naphthalenesul- 
fbpic  acid .......... 

-20  -  -22 

17 

1%  calcium  salt  of 

isotetracosyl- 

naphthalene- 

«rul  fnnie  acid _ .... 

soj,  Rj 

-20  -  -22 

17 

1%  barium  silt  of 

isocetyl phenol- 
sul  fonlc  acid ....... 

(C„Ha  C'lljOtt- 50J.SU 

—4  —  —6 

1 

X%  barium  salt  of 

isocetylmonochlo- 
robensenesul fonlc 
acid . J 

SOj.lU 

-4  -  -6 

1 
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Proa  shorn  products  of  sulfonic  acid  these  were  obtained  by  sulfbnation: 

1)  sulfuric  acid  or  oleum; 

2)  sulfuric  acid  or  oleus  with  subsequent  isolation  of  sulfonic  acids  by 
solvents; 

f 

|  3)  sulfuric  anhydride. 

I 

i  Ch  a  base  of  sulfonic  acids,  obtained  by  the  above  methods,  were  synthesised 

i 

i 

|  different  salts  of  then.  Of  three  methods  of  sulfonation  the  most  convenient  was 

i 

|  sulfboation  by  stdftxric  anhydride. 

I 

the  conducted  synthesis  of  high-ash  (alkali)  sulfonates  and  developed  a 
technology  of  obtaining  then.  It  was  clarified  that  by  the  method  of  "re- 
saponification"  of  the  detergent  component  of  additive  aznii-5*  a  high-ash 
sulfonate  additive  can  be  obtained,  containing  3  tines  more  metal  than  the  usual 
detergent  component  of  additive  aznii-5*  However,  results  of  tests  of  high-ash 
and  usual  sulfonates  on  different  motors  did  not  show  a  particular  difference 
between  then. 

Industrial  application  of  additive  aznii-4  and  aznii-5  were  developed  and 
obtained  on  tha  basis  of  given  works. 

Recently  developed  is  the  technology  of  a  more  effective  sulfonate  additive 
SB-3e  barium  salt  of  sulfonic  acids  o*  sulfonated  diesel  oil  (selective  purification) 
viscosity  11  cs  at  100*.  Oil  D-ll  with  additive  SB-3  in  a  quantity  of  $.6  and  10£ 
was  subjected  to  laboratory  research  (Table  6). 

In  Table  6  are  given  also  results  of  tests  of  sulfonate  additives  PfCy4 
.fttl  IP)  and  HG-102  (Moscow  "Neftegas”  factory). 

Best  results  with  respect  to  detergent  and  antioxldai.t  properties  were  ob¬ 
tained  during  test  of  oil  D-ll  in  mixture  with  10%  additive  SB-3.  The  s  aw  results 

i 

i  are  obtained  during  use  of  additive  SB-3,  synthesized  on  a  base  of  calcium  salts. 

1 

I _ 

i  «fid  note:  aznii  2  AzNII;  the  additive  is  named  for  the  institute. 


Table  6.  Bssults  of  Laboratory  Teats  of  Oils  with  Different  Sulfonate  Additives 


Product 

4m 

4» 

6 

•  > 

is 

u 
^  * 

n - 

isrt 

£££? 

•H  V 

C  jc  g 

s  e 

0*1  8^* 

Oxidation  according  to 
method  of  TTI  (F.  Dzers- 
hinskiy  All-Union  Heat 
Engineering  Institute] 

(14  hours  at  160*) 

{ 

X! 

Dstsrgsni 
with  res] 
points 

*  ~ 

SIS 

hi 

Acid 

number, 

milligram 

KCH 

Diesel  oil  D-ll  of  selective 
purification  (Baku  raw 

material).... . . 

Diesel  oil  D-ll  with  additive 

— * 

5—5.5 

30.0 

0.41 

1*88 

5*  SB-3 . 

0.46 

1.0-1. 5 

5.5 

0.55 

2.99 

8 %  SB-3 . 

0.67 

0. 5-1.0 

2.3 

0.61 

3-97 

1D%  SB-3 . 

0.76 

0.5 

2.9 

0.036 

5.85 

10%  additive  SB-3  (Ca- 

salt) . 

0.27 

0.5 

Absent 

0.027 

1.32 

10%  PN5_ . 

15*  NG-1Q4 . 

1.15 

0. 5-1.0 

The  same 

0.018 

0.97 

0.81 

0. 5-1.0 

6.3 

2.91 

O 

Diesel  oil  DS-11  (from 

eastern  raw  material) . 

Diesel  oil  DS-11  with  additive 

— 

4.5-5.C 

12.3 

0.056 

1.5 

10 %  SB-3 . . 

jo. 76 

0.5 

1.6 

0.012 

3.08 

10*  fXS-19 . 

1.21 

0.5 

1.3 

0.065 

2.91 

15*  >0-102 . . . 

0.84 

0.5 

9-9 

0.036 

3.6? 

During  laboratory  teats  of  diesel  oils  with  three  new  sulfonate  additives 
(SB-3,  PKSy^  and  MG-102)  the  beat  result  with  respect  to  detergent  and  other 
properties  was  obtained  with  additive  SB-3,  although  oil  from  this  additive  had  a 
—Her  ash  content  than  with  the  remaining  additives. 

■ot  all  sulfonate  additives  act  the  sane  during  oxidation.  The  biggest 
deposit  will  be  formed  during  oxidation  of  oil  D-ll  (Baku  raw  material)  with  15* 
additive  NG-XB.  A  characteristic  of  that  sample  is  the  fact  that  during  deter- 
mlnation  of  quantity  of  deposit  (not  soluble  in  gasoline)  according  to  method  of 
VTI,  all  soluble  additive  in  oil  passes*  into  deposit  and  acid  rnaber  of  oxidized 
oil  corresponds  to  zero.  He  checked  this  repeatedly  and  in  all  cases  the  sans 
results  were  obtained. 
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Du-ing  oxidation  of  diesel  oil  I>-11  from  eastern  oils  in  mixture  with 
additive  IXJ-102  the  given  phenonenon  is  not  observed,  and  quantity  of  deposit 
from  oxidized  oil  corresponds  to  0.036JS. 

Everything  said  once  again  confirms  the  existing  opinion  about  the  feet  that 

effectiveness  of  action  of  additives  depends  also  on  quality  of  base  oils,  i.e., 
on  their  origin  and  degree  of  purification. 

It  is  necessary  also  to  note  that  acid  number  of  oil  D-ll  after  oxidation  is 
strongly  increased  when  there  is  added  to  it  10#  additive  SB-3;  however,  in  spite 
of  this,  when  oil  B-ll  with  10%  additive  SB-3  is  tested  on  different  motors, 
increased  wear  is  not  observed  and  among  the  tested  sulfonates  (SB-3,  PMSya  and 
NC-102)  the  least  wear  is  shown  by  this  sample  of  oil  with  additive. 

Introduction  of  additive  S3-3  in  industry  will  make  it  possible  to  completely 
guarantee  lubricating  oils  by  highly  effective  additive  and  to  sharply  improve 
their  performance  properties. 

It  is  necessary  to  note  that  production  of  additive  SB-3  may  be  carried  out 
on  existing  industrial  installations  in  the  production  of  additives  aznii-4  and 
acnii-5  without  any  changes  and  does  not  require  substantial  investments. 

The  possibility  of  application  of  additive  SB-3  to  diesel  oil  was  investigated. 
For  that  laboratory  tests  of  this  addi'.ion  were  conducted  both  in  the  pure  form  and 
also  in  mixture  with  different  antioxidant  additions  (barium  salt  of  product  of 
condensation  of  alkylphenol  and  formaldehyde  —  BFX,  vnii  np-35b,  vnii  np-353 
and  zinc  salt  of  sulfur-phosphorous-containing  additive  obtained  on  a  base  of 
nsaturated  hydrocarbons).  Samples  of  industrial  oil  50  were  prepared  with  the 
shown  additives  and  their  detergent  properties  were  determined  according  to  method 
of  PZV,  corrosion  according  to  Pinkevich  method,  and  stability  according  to  method 
of  V7I. 

With  the  addition  of  additive  SB-3  to  industrial  oil  50  the  detergent 
properties  and  corrosivity  of  initial  oil  are  improved,  the  quantity  of  deposit 
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after  14  hours  of  oxidation  at  a  temperature  of  160*  almost  does  not  change ,  and 


acid  number  is  sharply  Increased  (Table  7). 


Table  7.  Results  of  laboratory  Tests  of  Oils  with  Sulfonate  and  Antioxidant 

Additives 
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68.0 
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0.5— 1.0 

27.6 

0.64 
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BFK) . 
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0.04* 

1.61 

33.4*  BW) . 
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0.43 
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0.86 

33.4*  vnii  np-354) . 

10*  additive  (50*  SB-3  + 
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Absent 
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0.02C 

1.07 

50*  additive  vnii  np-354 
10*  additive  (80*  SB-3  ♦ 
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0.7 

0.03c 

1.93 

20*  vnii  np-353) . 

10*  additive  (80*  additive 
SB-3  +  20*  xinc  salt  of 
sulfur-phosphorous-con- 
talning  additive,  ob¬ 
tained  from  cracking- 

j 

1.8 

0.79 

kerosene) . J 

0.5— 1.0 

4.4 

0.28 

1.18 

Compounding  of  additive  SB-3  with  different  antioxidants  gives  satisfactory 
results  both  on  anticorrosive  properties,  and  also  on  stability. 

Best  results  in  quantity  of  deposit  and  acid  nustoer  after  oxidat'on  are  ob¬ 
tained  when  additive  SB-3  is  mixed  with  additive  BTC  in  a  2:1  ratio,  and  with 
additives  vnii  np-354  and  vnii  np-353  in  a  4:1  ratio. 


Ota  the  basis  of  these  data  short- tiro  (50-hour)  tests  of  s  number  of  samples 


vers  conducted  on  a  one-cylinder  motor  TrDt-3.  Best  results  are  obtained  when 
add! tire  SB-3  is  mixed  with  additive  BTC  in  a  2:1  ratio  (tests  are  conducted  on 
motor  UDt-3,  total  evaluation  in  points). 


DS-11  HKZ  ♦  #  additive  taiatim-339 .  15.0 

the  same  ♦  10*  additive  SB-3 .  9.0 

the  same  +  10*  additive  (66. 6*  SB-3  ♦  33.4  BFK)....  5.3 

The  same  +  10*  additive  (80*  SB-3  ♦  20 %  vnU-354)..  11.4 

the  same  ♦  6%  additive  vnii  n p-360 .  9.05 

the  tame  +  5%  additive  aznil-7  (purified) .  16.75 


Given  data  indicate  that  in  the  case  of  use  of  additive  SB-3  on  motors 
operating  on  eulftiroua  fuel],  it  is  necessary  to  add  antioxidant  additives.  For 
this  purpose,  of  the  an  loxidants  investigated  by  us  the  most  effective  and 
accessible  can  be  considered  additive  BFX. 
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SUTTHJESIS  OP  AHTIWEAR  ADDITIVES  TO  OILS 


I.  D.  Afana a*yer 
Leningrad  Petroleua  Oil  Pactory 


Sul  fnroua  Antiwear  Additives  on  an  Ethylene 
Sulfide  and  Fatty  Acid  Base 


Work  has  bans  done  on  obtaining  and  laboratory  testing  esters  of  diethanol- 
disulfide  and  fa£3y  acids  as  antiwear  additives: 

*0000404- ss  -04040004 

where  I  —  alkjl  radical. 

Obtaining  tflsu  shown  products  consists  ox  three  stages. 

1.  TjnThssfis  of  ethylene  sulfide  fron  oxide  of  ethylene  and  thiourea: 

01,-401, 

o  I  \  /  +HrNU>Mlr 

%  S 


2.  Synthesis  of  /i-wercaptoethyl  ester  by  reaction  of  ethylene  sulfide  and 
fatty  acid: 

QL--C14  0 

\  .  +*-c"  -♦*cooui^i4>u 

*  N>h 


3.  Oxidations  df  0-cercaptoethyl  ester  by  atnospheric  oxygen  In  pretence  of 
■¥2 

traces  of  Pe  r 


W 0001-01,  -S 

I  4  I40 

*0000404-  $ 


In  a  number  of  carbonaceous  acids  acetic,  propionic,  isovaleric,  C 
fraction  of  synthetic  acids  and  chlorinated  (content  1  f  chlorine  8-10£  by  weight) 
fraction  of  the  same  acids  were  investigated.  In  Table  1  are  given  physico-chemical 
properties  of  obtained  additives. 
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The  obtained  products  constitute  synthetic  diester  oils,  containing  in  chain 
in  exchange  for  oxygen  cross-links  one  or  several  a tons  of  sulfur. 

Physico-chemical  properties  of  the  studied  products  —  temperature  of 
thickening,  viscosity  characteristic,  und  others  —  are  not  inferior  to  those 
properties  of  usual  synthetic  oils  near  to  them  in  nature. 

For  preliminary  establishment  of  performance  properties  synthesized  additives 
were  added  in  different  ratios  to  synthetic  and  mineral  oils,  after  which  the  ob¬ 
tained  mixtures  were  tested  on  a  four-ball  machine  (their  antiscratching  and 
antiwear  properties  were  studied)  and  on  VTT  apparatus  (stability  was  determined). 
Results  of  these  tests  are  given  in  Table  2. 

With  introduction  of  additives  in  oil  36/1  durability  of  butyric  film 
significantly  increases.  Synthetic  oil  36/1  with  respect  to  certain  additives 
possesses  larger  response  than  petroleum. 

To  increase  content  of  sulfur  in  additive  synthesis  of  dioxydisulfides  was 
carried  out  by  reaction  of  two  molecules  of  ethylene  sulfide  with  one  molecule  of 
carbonaceous  acid  according  to  the  diagram 
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P.esults  of  tests  on  four-ball  machine  showed  that  with  increase  of  sulfur 
content  in  oil  by  more  than  30%,  P  is  increased  by  only  15*.  This  w-bservation 

l\ 

confirmed  that  content  of  sulfur  itself  does  not  fully  determine  effectiveness  of 


additive. 


Table  2.  Hesv'’  *.  ?  Tests  cf  Antiwear  1'ro  per  lies  and  Themochemical  Stability  of  Additives  of 

_ _ _ the  Sul  fid  j  and  Pi  sulfide  Type 
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Realization  of  synthesis  of  additives  of  the  above  type  in  sufficient  measure 
i3  complicated  and  can  turn  out  to  be  difficult  in  industrial  design.  In  accordance 
with  this  investigations  were  conducted  in  synthesis  of  products  close  in  nature, 
proceeding  from  such  accessible  materials  as  ethylene  oxide,  hydrogen  sulfide, 
and  carbonaceous  acids.  Depending  upon  temperature  conditions  of  reaction  and 
ratio  of  initial  au-erials,  different  products  are  obtained. 

1.  During  reaction  of  1  mole  hydrogen  sulfide  and  4  moles  ethylene  oxide  in 
the  presence  of  traces  of  water  at  a  temperature  of  0-3°  is  obtained  mercaptatetra- 
ethylene  glycol: 

'.t'ji — cir. 

\  /  -f  (Cii  -  rji.  -rji,„r:nJ_s!i 

o 

The  latter  by  oxidation  by  atmospheric  oxygen  is  turned  into  corresponding 
dioxydisulfide : 

2Jio-  (Oi.-r.n;-(»,-ai,-< jl— sii-r'/jO.-* 

S— CJtj-Cil;  j I ;) , < » 1 1 
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The  obtained  products  are  catalytically  esterfied  by  synthetic  fatty  acids: 

s-Cii,-ai.<o  ni—iii'.oii  '() 
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Characteristics  of  product  obtained  with  participation  of  carbonaceous  ucids 


Cc— C<.  are  given  in  Table  1. 

5  o 

During  reaction  of  2  moles  ethylene  oxide  and  1  mole  hydrogen  sulfide  at  a 
temperature  of  40-60*  is  obtained  a  widely  known  product  —  thiodiglycol; 


2v.i!j  ui,  m.-a’.o.; 

\  /  -j-JI.S  -♦  s ' 

0  Njf^-ar.uw 


By  esterification  of  the  latter  by  carbonaceous  acids  is  obtained  a  synthetic 
oil  of  the  polyglycol  type,  in  which  one  central  oxygen  cross-link  is  replaced  by 


sulfur. 


All  the  above  products  are  mobile  liquids,  possessing  low  temperature  of 
thickening,  good  viscosity  characteristics,  and  full  solubility  in  synthetic  and 
petroleum  oils.  Results  of  tests  of  antiwear  properties,  given  in  Table  2,  give 
a  basis  for  considering  their  effective  components  of  synthetic  oils. 

Some  synthesized  additives  (derivatives  of  thiodiglycol)  show  increased  heat 
resistance.  Thus,  test  of  mixtures  of  synthetic  oil  36/1  with  derivatives  of 
thiodiglycol,  prepared  without  participation  of  inhibitors,  showed  their  increased 
heat  resistance  as  compared  to  such  for  synthetic  oil  36/1. 

Antiwear  Additives  to  Oils  on  a  Base  of  Xanthogenates 
of  Alcohols  and  Dichloroethane 

The  section  of  alcohols  as  basic  initial  raw  material  of  xanthogenates  was 
based  on  their  exceptionally  high  adhesion  properties,  due  to  which  they  found 
wide  application  as  flotation  agents  during  ore  concentration  of  r.onferrous  metals. 

By  themselves  xanthogenaaes  cf  alcohols  cannot  be  used  as  antiwear  additives 
due  to  insolubility  in  hydrocarbon  and  synthetic  oils,  thermal  instability,  and 
aggressiveness  with  respect  to  metals.  An  attempt  to  use  for  these  purp03C3 
d ix_nthogenat e s  (in  particular,  diproxide)  failed,  since  these  compounds  at  a 
temperature  of  100°  in  the  presence  of  red  copper  are  decomposed  with  the  formation 
of  elementary  sulfur. 

An  attempt  was  undertaken  to  connect  xanthogenates  by  sulfide  cross-link  by 
naans  of  treatment  first  of  sulfur  nonochloride: 

2no-c"  ->  s,ci,  -  no-cf  "c-on+2.Vaci 

NS  N  s— S— S' 

T  .tair.aa  products  are  readily  soluble  in  synthetic  and  mineral  oils, 
possess  eat  adhesion  ability,  are  inert  to  steel,  bit  are  decomposed  at  a 
temperature  10C*  by  red  copper  and  its  alloys. 


The  following  stage  of  research  was  synthesis  of  dixanthogenate  ester  of 
ethylene  glycol,  proceeding  from  xanthogenates  of  alcohols  and  dichloroethane. 

The  process  in  this  case  goes  according  to  the  following  diagram: 

1st  stage  —  formation  of  alcohol  xanthogenates 

C»lli*  +  (01 1  +  MeOl I+CS,  -♦  CBI t  ,oc~  +nso 

NS.\lc 

2nd  stage  —  formation  of  total  glycol  ester  of  xanthogenic  acid: 

2C„»*„  +  t*0Cf  +ci-ai--cu,-ci-» 

'■Site 

s  s 

-♦CJf.,,  Nx>C*H2„  » ,+2M<.*CI 

xs-arj-(.iij-s 

Condition  of  carrying  out  synthesis  is  the  following. 

1st  stage:  reaction  in  the  cold  during  mixing  of  concentrated  solution  of 
caustic  soda  with  alcohols  ar. ;  reaction  of  the  formed  alcoholate  of  alcohols  at 
room  temperature  and  mixing  with  carbon  bisulfide. 

2nd  stare:  reaction  at  70®  and  mixing  of  aqueous  solution  of  alcohol 
xanthogenates  with  dichloroethane.  Further  washing  by  water,  distillation  of 
surplus  of  dichloroethane  and  low-boiling  products  of  synthesis,  and  drying  of 
additives  are  carried  out  at  temperatures  net  exceeding  100®. 

In  laboratories  additives  were  synthesized  on  a  base  of  xanthogenates  of 
ethyl,  isopropyl,  butyl,  lsobutyl,  and  other  alcohols. 

In  Table  3  are  given  physico-chemical  properties  of  the  obtained  additives. 
With  the  exception  of  derivative  ethylenexanthogenate  all  synthesized  products  are 
readily  soluble  in  synthetic  and  mineral  oils  and  are  easily  mobile  (even  at  sub¬ 
zero  temperatures )  liquids,  whose  addition  to  synthetic  and  mineral  oils  does  not 
worsen  quality  of  the  latter  (Table  3 ) • 

In  the  laboratory  of  our  factory,  in  VNII  NP  [All-Union  Scientific  Research 
Institute  of  the  Petroleum  Industry]  and  on  stands  of  the  Likhachev  factory  and 
others  were  studied  antiscoring  and  antiwear  properties  of  synthesized  products. 


Table  3.  Properties  of  Additives  Synthesized  on  a  Base  of  Xanthogenates 

of  Alcohols 
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-45.1 

1.1900 

21. us 

3.30 

44.2 

0.24 

130 

0.91 

x&nthate  12-6/9 . 

Ethylene  diisobutyl- 

Below 

-60* 

1.1326 

50.2; 

5.05 

40.1 

0.20 

160 

0.91 

jeanthate  12-2$ . . 

Ethylene  diisoamyl- 

Below 

-60° 

1.22C7 

151x6 

7.45 

38.8 

0.92 

uo 

0.91 

xanthate  LZ-19 . 

Ethylene  dixanthate  and 

Below 

-60° 

28. 5C 

3.35 

33.1 

2.15 

140 

0.91 

alcohols  C5— 12-22 

Ethylene  diiaopropyl- 
xanthate  (crystal) 

-37° 

(crystal) 

0.9872 

56.41 

5.11 

21.1 

0.85 

126 

0.80 

12-23k . 

Ethylene  diisobutyl- 
jauatVafce  (crystal) 

+49* 

40.2* 

100 

1.03 

12-25k . 

+37.5* 

— - 

37.1 

— 

160 

0.86 

Butylxanthol . . . 

Below 

-60* 

1.15*-. 

52.1: 

4.92 

28.9 

5.08 

130 

0.97 

Joylxanthol . 

Below 

-60* 

1.1347 

1 

58. ZU 

4.90 

27.6 

5.50 

130 

0.91 

DOTE:  Antiwear  properties  of  additives,  with  the  exception  of  additive  LZ-24, 
were  tested  in  spindle  oil  AU.  Antiwear  properties  of  additive  LZ-24  were  tested 
in  synthetic  oil  36/1.  Quantity  of  additive  in  oil  in  all  cases  guaranteed  a 
alfur  content  of  1.5$. 


In  the  first  place  regulation  was  rarried  out  on  a  fou.'-ball  machine  (Table  3 

and  Pig.  l). 

In  Table  3  and  in  Fig.  1  it  is  clear  that  all  products  synthesized  by  us  are 
good  scoring  inhibitors  and  in  known  measure  antiwear  additives  to  synthetic  and 
petroleum  oils. 
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IwmtlgitlBM  of  the  VNII  IIP  completely  confirmed  our  conclusions. 

Additive  12-6/9,  synthesised  from  presently  Accessible  butylxanthogenate, 
psssed  successfully  all  control  performance  tests,  and  the  All-Union  Government 
Standard  Is  foreseen  for  its  application  in  the  production  of  transmission  oils. 
•At  present  additive  12-6/9  is  prepared  on  a  semi-industrial  scale. 


Pig.  1.  Tests  of  oils  with  antiwear  additives  on  a 
for -ball  machine. 

1— spindle  oil  AU;  spindle  oil  AU  with  additive:  2— 
12-2 3k;  3— lZ-25k;  4-12-6/9;  5— 12-25;  6-12-19; 

7— synthetic  36/2  +  LZ-24;  spindle  oil  AU  with 
additive:  8— L2-22;  9— LZ-23;  10— butylxanthol;  11— 
amflxanthol. 

KET:  (a)  Diameter  of  mark  of  wear,  mm;  (b)  Axial 
load,  ,kg. 


As  the  most  promising  Initial  raw  material  subsequently  appears  the  ’xse  cf 
isopropyl  sad  icobutyl  alcohols. 


Additives  of  the  Crystal  Xanthogenate  Type 

The  unpleasant  odor  and  dark  color  of  additives  of  the  12-6/9  type,  in  our 

♦ 

opinion,  are  explained  by  presence  of  impurities  formed  from  products  of  de¬ 
composition  of  xanthogenates  by  water. 


For  removal  of  these  deficiencies  were  synthesized  crystal  compounds  of  the 
type  s. 

ROC^  '"COR 

^S-CJU-Cil.-S 

The  latter  differ  from  additives  of  the  LZ-6/9  type  by  the  fact  that  they  are 
individual  compounds,  whereas  the  first  are  a  rather  complicated  mixture  of  products 
of  synthesis  with  a  predominance  of  basic  component. 

Such  type  of  products  were  obtained  from  isopropyl  and  butyl  xanthogenates. 

Both  esters  —  crystal  substances  of  white  or  slightly  yellowish  color  —  are 
practically  deprived  of  odor,  are  readily  soluble  in  synthetic  and  mineral  oils. 
Introduction  of  them  in  oils  in  quantities  which  ensure  2%  by  weight  of  sulfur, 
is  effective  (see  Table  3);  it  increases  their  antiwear  properties,  not  worsening 
the  remaining  physico-chemical  properties  of  oils. 

Synthesis  of  such  additives  is  carried  out  with  use  of  freshly  prepared 
xanthogenates  in  a  solution  of  dehydrated  alcohol. 


Additives  of  the  Xanthol  Type 


To  increase  thermal  stability  of  additives  of  the  xanthogenate  type  synthesis 
was  carried  out  of  a  product,  called  by  us  "xanthol,"  starting  from  butylxantho- 
genate  and  chlorex,  i.e.,  p  {i'-dichlorc  thyl  ester: 


o 


CnH 


2M  I 


/W 

o  +c]-ai3-ail-o-ci(i-C!r.— ci  -♦ 

^SMe 


jf5  V"!,t,+a'a 

XS-CI  Ij-CH,- O-Cl  I,-CH,-S  ^ 


Xanthol  is  thermally  stable  up  to  a  temperature  of  130°,  however,  as  compared 
to  additive  LZ-6/9  it  possesses  lowered  effectiveness.  The  latter  is  connected 
with  an  increase  of  number  of  atoms  in  cross-link,  connecting  two  xanthogenate 
groups.  Additives  of  similar  type  can  be  recommended  for  those  cases  where  in¬ 
creased  stability  of  additive  is  required. 


Solftir  and  Phoarhorous-Containing  Antiwear  Additives 


All  the  above  sul  fUr-contalnlng  additives  possess  basically  amtlnoorlng 
properties.  For  a  complex  resolution  of  problem  it  is  necessary  to  combine  in  a 
nmber  of  lubricating  oils  both  antiscoring  and  also  antiwear  properties.  The 
latter,  as  is  known,  are  ensured  in  the  very  best  manner  bj  the  presence  of  atoms 
of  phosphorous  in  molecule  of  additive.  Structure  of  molecule  has  a  sexy  important 
value  here. 


After  exploration  operations,  we  synthesised  a  number  of  compounds,  constituting 
esters  of  low-molecular  dialkyldithiophosphorous  acids.  Synthesis  of  these  compounds 
was  conducted  by  means  of  condensation  of  soditsa  salts  of  low-molecular  dialkyl- 
dlthlophosphorous  acids  with  the  following  chlorine-derivatives:  benzyl  chloride; 
l#3-dlchlorobutene-2;  dichloroe thane.  Diallqrldlthiophosphorous  adds  were  obtained 
by  treatment  of  ethyl,  isopropyl,  isobutyl,  n— butyl,  and  inoamyl  alcohols  by 
phosphorous  pentasulflde. 

Diagram  of  syntheses: 


4*011 ;  1‘jSi-.^ 
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Properties  of  obtained  additives  are  given  In  Table  k- 


OR 


nv*»» 


Corrosion  tests  of  additives,  conducted  according  to  the  All-Ohlon  Government 
Standard  for  transmission  oils,  gave  a  satisfactory  result. 

Thermal  stability  according  to  method  of  VTI  was  satisfactory. 
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Table  4.  Properties  of  Additives  of  the  Low-Kolecular  Dialkyldithiophosphorous 

Acid  Eaters  Type 


Chlorine 
derivative, 
taken  for 
synthesis 

r — - 1 

Alcohol,  taken 
for  synthesis 
of  dialkyl¬ 
dithiophosphorous 
acids 

s 

Pour  point,  °C 

Viscosity  at  20°, 
cs 

Content  of  sulfur, 

% 

Content  of  phospho¬ 
rus  (calculated ; 

Content  of  chlorine 
1* 

Tests  on 
ball  mac 

four- 

hine 

%  additive  to 
spindle  oil  AU 

Critical  load 
pk*  k6 

.p 

<0 

O  P 

u 

i  0 1 

iU 

Isopropyl 

-54 

10.06 

20.1 

10.05 

— 

— 

— 

— 

Benzyl 

chloride 

Isobutyl 

-60 

13.47 

18.2 

9. 1C 

— 

5 

120 

0.55 

I  so  aryl 

-61 

14.82 

16.9 

8.45 

— 

5 

100 

0.55 

1.3-dichloro- 

butene-2 

Ethyl 

-65 

(flows) 

3.80 

21.0 

10. 5C 

1034 

i 

5 

170 

0.70 

7.5 

100 

0.72 

Isopropyl 

-65 

(flows) 

6.20 

19.6 

9.8C 

9.3c 

— 

— 

— ■ 

Isobutyl 

-65 

(flows] 

9.30 

17.9 

8.9C 

9.2C 

— 

■ 

Isoaryl 

-65 

(flows) 

10.6 

16.2 

8. 1C 

5 

120 

C.62 

7.8C 

7.5 

150 

0.63 

Dichloro- 

e  thane 

n-Butyl 

-65 

10.75 

20.36 

10.1* 

— 

— 

— 

— 

Isoaryl 

1 

i 

-65 

(flows 

f7*29 

18.66 

; 

9.3: 

• 

5 

150 

1 

0.74 

1 

.1 

■  Study  of  antiwear  properties  on  four-ball  machine  showed  that  all  obtained 

l 

additives  are  typically  antivear,  since  under  critical  loads  the  diameter  of  the 
wear  mark  was  significantly  less  than  during  application  of  additives  containing 
one  sulfur  (see  Table  4  and  Fig.  2). 


r 


Fig.  2.  Tests  of  oils  with  antiwear  additives 
on  four-ball  machine. 

1—  spindle  oil  AU;  spindle  oil  AU  with  additive: 

2— 7. 5$  diisobutyldithiophosphate,  condensed  with 
chlorous  gasoline;  3 — 7.5$  diisoanyldithio phosphate, 
condensed  with  1.3-dichlorobutene-2;  4 — 7.5$  diethyl- 
dithio phosphate ,  condensed  with  1 . 3-dichlorc butylene-'. . 
KEY:  (a)  Diameter  of  mark  of  wear,  ran;  (b)  Axial  load, 
kg. 


Activity  of  the  tested  antiwear  additives  increases  in  a  number  with  decrease 
of  length  of  hydrocarbon  radicals  taken  for  synthesis  of  alcohols. 


Conclusions 


1.  Synthesized  on  the  basis  of  thiourea,  oxide  of  ethylene  and  carbonaceous 
acids,  sulfur-containing  products  can  serve  as  components  of  petroleum  and  synthetic 
oils,  improving  their  antiwear  properties. 

2.  Close  antiwear  properties  are  possessed  by  synthetic  sulfur-containg  oils, 
obtained  on  the  basis  of  oxide  of  ethylene,  hydrogen  sulfide  and  carbonaceous  acids. 

Positive  properties  of  products  are  their  heightened  thanoocheoical  stability 
and  relative  simplicity  of  obtaining. 

3.  very  effective  antiscorirg  properties  are  possessed  by  additives  to 
petroleum  and  synthetic  oils,  synthesized  on  th«  basis  of  xanthogenates  of  low- 
molecular  monatomic  alcohols,  from  isopropyl  to  acyl  inclusively,  and  dichloro- 


e thane. 


Depending  upon  conditions  of  carrying  out  synthesis,  it  is  possible  to  obtain 
liquid  and  crystal  products.  The  latter  differ  from  the  former  by  the  almost 
total  absence  of  odor  and  color.  Replacement  during  synthesis  of  dichloroethane 
by  Chlorex  leads  to  formation  of  additives  possessing  somewhat  lowered  antiscoring 
activity,  but  great  thermo  chemical  stability. 

4.  Additives  obtained  on  the  basis  of  dithiophosphates  of  ethyl,  isopropyl, 
butyl,  and  amyl  alcohols  and  1 .3-dichlo  ro  butene-2 t  are  readily  soluble  in  mineral 
and  synthetic  oils,  are  neutral,  contain  sulfur,  phosphorous  and  chlorine,  do  not 
corrode  copper  and  steel,  impart  antiwear  properties  to  oils  and  have  satisfactory 
thermal  stability. 

Products  obtained  from  dithiophosphates  of  isopropyl,  butyl,  and  amyl 
alcohols'"’,  on  the  one  hand,  and  benzyl  chloride  or  dichloroethane,  on  the  other, 
can  also  present  interest  as  antiwear  additives. 


♦Derivatives  of  dithiophosphates  of  ethyl  alcohol  in  this  case  are  not  soluble 
in  mineral  oils. 


ORGANO-PHOSPHOROUS  AND  ORGANO-CHLORINE  COMPOUNDS  AS  ADDITIVES,  REDUCING 
WEAR  IN  CONDITIONS  OF  THRESHOLD  FRICTION 

Ye.  S.  Shepeleva,  and  P.  I.  Sanin 

Institute  of  Oil-Chemical  Synthesis  of  Academy  of  Sciences  of  the  USSR 

During  research  of  different  organo-chlorine  and  organo-chlorine-phosphorous 
compounds  as  additives  reducing  wear  during  friction,  high  activity  was  shown  by 
compounds  containing  the  -CCI7  group  Cl,  2], 

As  a  result  of  tests  of  ronochloralkanes  (No.  l)  and  tetrachloroalkanes 
(No.  2-4),  obtained  by  telomerization  (polymerization  of  ethylene  in  the  presence 
of  carbon  tetrachloride),  it  was  established  that  specific  activity  of  tetrachloro¬ 
alkanes  is  explained  by  the  presence  in  their  molecule  of  the  -CCl^  group  owing 
to  the  relatively  mobile  chlorine  by  which  a  chloride  film  will  be  formed  on 
surface  of  metal. 


1.  Cl!,  (OI:)j  CII,Q 

2.  coLCiixuxi 

3.  o:i,((:n^ai,Q 

4.  CU((<:iU-<  !l;Cl 

5.  ciciiji**)  (o<  :«n,), 

C.  CCUMMOCjllj), 
7.  a:ij*o 


8.  0. 1,1*0  (OC.IIJ. 

9.  CUjl’O  [N  (Cllj) 
m.  (QCJ  1X11,0),  I* 

1J.  CflljClljOl*  (0011,011,), 

12.  (CCLUI.O),!* 

13.  (CCI/^UUjOl.P 


Compounds,  containing  the  -CCI3  group  and  phosphorus,  for  instance,  esters  of 
trichloromethylphosphine  acid  (No.  6-8)  by  their  effectiveness  exceed  tetrachloro¬ 
alkanes.  Action  of  additives  of  this  type  is  formed  from  simultaneous  influence 
of  trichlorooethyl  group  (chloride  film)  and  phosphorus,  more  correctly,  of  the 


phosphorous  cob  pound  obtained  as  a  result  of  decon  position  of  additive  and  forming 
of  phosphide  film.  As  one  should  have  been  led  to  expect,  considering  results  of 
tests  of  tetrachloroalkanes  esters  of  mo nochloromethyl phosphine  acids  (No.  5)  are 
less  active  than  esters  of  trichloromethylphosphine  acid. 

Specific  Influence  of  -CCI3  group  on  antiwear  properties  of  organo- phosphorous 
compounds  was  shown  also  at  comparative  research  of  eaters  of  phosphorous  acid 
(to.  10  and  11). 

During  tests  of  solutions  of  diethyl  and  dibutyl  esters  of  trichlorossethyl- 
pbosphlne  acid  (No.  6  and  7)  in  an  experimental  type  of  oil  of  high  degree  of 
purification  on  a  four- ball  friction  machine  the  critical  loads  were  accordingly 
167  and  182  kg.  During  teats  balls  of  steel  ShKh-9  with  a  diameter  of  12.7  mm  were 
used,  and  relative  speed  of  slip  of  surfaces  of  friction  of  balls  constituted 
0.2$  m/sec  (3). 

Increasing  the  number  of  -CCI3  groups  in  a  molecule  of  organo-phosphorous 
compound,  antiwear  additives  can  be  obtained,  in  the  presence  of  which  oil  will 
sustain  still  larger  loads  without  signs  of  jamming  (No.  12  and  13). 

Dibutyl  eater  of  t rl  chlo  rome  thyl pho 3 phine  acid  as  an  active  additive  to 
lubrieatir-  oils  (additive  Chloretb-AO),  we  studied  more  widely. 

Initially  a  pure  preparation  of  dibu.yl  ester  of  trichloromethylphosphine 
add  was  obtained,  proceeding  from  dichloro anhydride  trichloromethylphosphine  acid 
and  butyl  alcohol  according  to  the  equation 

CU,PU*  I, '  2-:, 11,011  r2<<  VU.*-»CCU*0(OC,ll,),  I 

D>-  tills  method  may  be  obtained  pure  ester  of  trichloromethylphosphine  acid 
with  a  boiMrr  point  of  124-12$®  (2  mm  Hg);  d?®  »  1.2219;  n^°  *■  1.4590.  The  content 
of  chlorine  in  it  is  33*93^. 

However, realization  of  synthesis,  especially  in  obtaining  large  quantities  of 
eater,  is  complicated  by  necessity  of  using  as  initial  product  dichloroanhjdrlde 
trichloromethylphosphine  acid,  the  synthesis  of  which  is  relatively  complicated  [4]. 
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Dibutyl  ester  of  triehloromethyl  phosphine  acid  we,  therefore,  obtained  by 
reaction  of  trlbutylphosphlte  and  carbon  tetrachloride  according  to  C.  (Camay  and 
L.  P.  Egorova  [5l|  trlbutylphosphlte  in  turn  was  obtained,  proceeding  from  butyl 
alcohol  and  trlehlorous  phosphorus  [6],  Consequently,  the  obtaining  of  additive  — 
dibutyl  ester  of  trichloraoethyl  phosphine  acid  —  is  carried  out  in  two  stages 

according  to  the  following  equations: 

X.JH/Wl  i‘<lJi3(r:iO.N-*(r,ii,0)J  I*  1-1  (C-Hi),x  na 
<*4*4°).  »* * «i,  -**tvo(oc,ii#),  +  (,rr,ci 

Obtaining  Trlbutylphosphlte  (C^H^^P 
To  a  solution  cf  butyl  alcohol  (3  moles)  and  triethylamlne  (3  moles)  in 
benzene  (000  ca?)  gradually  during  mixing  and  cooling  is  added  a  solution  of 
trlehlorous  phosphorus  (l  mole)  in  a  small  quantity  of  benzene.  Butyl  alcohol, 
triethylamlne  and  benzene  have  to  be  dry.  Temperature  in  beginning  of  reaction  is 
around  -5  to  -0*;  toward  the  end  of  the  reaction  the  temperature  may  be  increased 
to  13*.  After  addition  of  all  the  trlehlorous  phosphorus,  the  reaction  mixture 
additional ly  was  mixed  for  2  hours  at  room  temperature. 

Falling  crystal  deposit  of  hydrochloric  acid  triethy? va*  filtered 
rapidly,  benzene  was  driven  off,  and  the  remainder  was  distilled  an  a  vacuum. 

hydrochloric  acid  triethylamlne  stay  be  removed  also  by  other  means  —  treat¬ 
ment  of  reaction  mixture  by  a  1%  solution  of  soda  with  subsequent  washing  by  water. 
The  yield  of  trlbutylphosphlte  is  around  70 %  of  the  theoretical.  The  pure  prep¬ 
aration  of  trlbutylphosphlte  was  distilled  at  a  temperature  of  120-1 22*  (7  mm  Hg) 
and  had  d^°  -  0.9192,  =*  1.4310. 


Sbtiirvl.e-T  mtc- 


;f  Vrl-tClorrw.ethyl phosphine  Acid 

CCT^P0{dc^HQj2 


A  solution  of  trlbutylphosphlte  (l  mole)  in  carbon  tetrachloride  (2  moles)  is 
heated  with  reflux  condensor  6  hours  on  a  boiling  water  bath.  Then  in  a  vacuum 
.(•round  30  ms)  surplus  of  carbon  tetrachloride  and  a  low-boiling  byproduct, 
chlorous  butyl,  are  given  off. 

to* 


The  remainder  obtained  in  such  a  way  —  not  quite  pure  dibutyl  e3ter  of 
trichloromethylphosphine  acid  —  had  d^°  «  1.1870  and  n^°  •»  1.4540.  Distilled  in 


vacuum  (3  rsa  Hg)  the  ester  had  d^® 

4 


1.1996,  n*0 


1.4560;  its  yield  was  70^. 

Content  of  chlorine  in  a  number  of  preparations  of  butyl  ester  of  trichlo rone thy 1- 
phosphine  acid  (additive  Chloreth-40 ) ,  obtained  by  this  method  without  distillation, 
constituted  around  30X  (according  to  theory  34. UQ. 

From  given  data  it  follows  that  additive  Chloreth-40  obtained  by  the  assumed 
method,  does  not  constitute  a  fully  pure  preparation  of  dibutyl  ester  of  trichloro- 

k  - 

methyl phosphine  acid.  The  latter  is  in  accordance  with  source  material  [5,  7]. 

Thus ,  Samay  and  Egorov-  (5]  obtained  a  preparation  of  ester,  which  was  distilled 
at  a  temperature  of  145-146°  (7-10  mm  Hg)  and  had  a  specific  gravity  d^  =  1.1814 
and  n^0  -  1.4521. 

In  obtaining  tributylphosphite  by  reaction  hydrogen  chloride  is  given  off, 
which  should  be  bound  by  triethy limine.  Furthermore,  if  initial  reagents,  and 
r._ rely  butyl  alcotol,  trietr.yl— -in.  '  and  ber.tane,  contain  moisture,  then  the  last 
one  will  react  with  three-chlorous  phosphorus  also  with  formation  of  hydrogen 
chloride : 

pci,+3rrao  —  nJro4-i-r:i  «:i 


Part  of  the  hydrogen  chloride  car  react  with  tributylphosphite  according  to 
equation  [10]: 

I-  (OC.II,),  ~HCl  -*  (C.If.O).  P<  Ml-f-C.ll.CI 

Incomplete  ester  of  pnosphorous  acid  (dibutyl phosphite)  is  distilled  at  a 
-emperature  of  115°  (10  mm  Hg)  and  has  d^°“  0.9888  and  n^  “  1.4240  [9].  Dibutyl- 
phosphite  car.  remain  constant  in  second  stage  of  process  (obtaining  of  dibutyl 
es-er  of  trichioromethyl phosphine  acid)  and  will  be  an  undesirable  impurity  in 
additive  Chloreth-40.  Dialkylphosphite  as  a  substance  of  acid  character  causes 


corrosion  of  metals. 


xn  the  opinion  of  one  of  the  above— indicated  authors  [8],  during  rhe  reaction 
of  trimethylphosphite  and  tetrachloride  of  carbon  acid  chloride  of  dimethyl- 
phosphoric  acid  can  be  formed.  It  is  possible  that  also  during  synthesis  of 
dibutyl  ester  of  trichloroaethylphosphine  acid  analogous  side  reactions  are 
observed: 

(<:4jf,o),  IH  2CCI,  - .  (Cj  1,0),’  poci  +;ci cci  3+ cji.ci 

r/lljPO  (OC.H,).  +  CCI,  -*  (0311,0)3 1’OCl+CCl,— CC1, 

Formed  in  these  reactions,  chlorous  butyl  and  hexachloroethane,  will  be 
easily  driven  off  from  the  basic  product,  and  part  of  the  acid  chloride  of  the 
dibutylphosphoric  acid  can  remain  in  the  final  product.  In  the  presence  of 
moisture  the  acid  chloride  will  form  a  substance  easily  corroding  metals,  —  acid 
ester  of  phosphoric  acid  and  hydrochloric  acid. 

Acid  chloride  of  dibutylphosphoric  acid  is  distilled  at  132-133°  (15  mm  Hg)j 
specific  gravity  of  it  d£°  «  1.0322,  njj°  -  1.4335  C9]. 

It  is  necessary,  however,  to  note  that  additive  Chloreth-40,  obtained 
according  to  the  above  method,  by  which  is  anticipated  distillation  in  vacuum  of 
both  tributylphosphite,  and  also  dibutyl  ester  of  trichloromethylphosphine  acid, 
is  a  very  active  additive,  which  lowers  wear  during  friction  in  conditions  of 
high  loads.  Impurities  contained  in  it  do  not  worsen  quality  of  additive. 

Tests  of  Chloreth-40  as  an  additive  to  transmission  oils,  conducted  in  stand 
conditions  at  the  Likhachev  automobile  plant,  gave  positive  results  and  served  as 
the  base  for  obtaining  experimental  lots  of  additive  and  further  wider  tests  of  it. 

During  production  of  experimental  lots  of  additive  Cloreth-40  at  an  installation 
of  the  pilot  plant  type,  it  was  necessary  to  condiser  that  initial  products  —  butyl 
alcohol,  triethylamine ,  and  benzene  unconditionally  have  .to  be  dry.  Furthermore, 
in  obtaining  additive  Cloreth-40,  distillation  is  desirable  of  both  tributylphosphite 
and  also  of  the  final  product  —  dibutyl  ester  of  trichloromethylphosphine  acid. 

Such  distillation  will  decrease  content  of  undesirable  impurities  in  additive  —  acid 
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chloride  of  phosphoric  acid  and  acid  ester  (dibutylphosphite).  In  any  case  one 
should  consider  distillation  of  tributylphosphite  necessary. 

As  was  established,  the  first  experimental  lots  of  Cloreth-40,  obtained  in 
pilot  plant  conditions  without  distillation  of  tributylphosphite  and  the  final 
product,  contain  around  70-75%  dibutyl  ester  of  trichloronethylphosphine  acid  and 
20-25%  of  the  above-indicated  impurities.  3elow  are  the  average  characteristics 
of  several  batches  of  tributylphosphite  and  additive  Cloreth-40. 

Tributylphosphite:  d£°  =  0.9230,  n^°  =  1.4330;  Cloreth-40:  d^°  *=  1.19C0, 
r.^  *=  1.4545,  content  of  chlorine  28.30^. 
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EFFECTIVENESS  OF  CERTAIN  ORGANO-MOLYBDENUM  AND  ORGANO-SULFUR 
COMPOUNDS  AS  ANTIWEAR  ADDITIVES  TO  LUBRICATING  MATERIALS 

A.  A.  Fal'kovskaya,  A.  Ya.  Vavul,  Ye.  M.  Kheyfets,  I.  B. 

Rapoport,  V.  A.  Listov,  and  Ye.  I.  Petyakin 

VNII  NP* 

To  guarantee  normal  work  of  friction  units  of  contemporary  complicated 
mechanisms  it  is  required  that  lubricating  materials  remain  stable  under  increased 
loads  and  temperatures  of  250-350°  and  above,  have  a  low  coefficient  of  friction, 
improved  lubricating  ability,  and  increased  antiwear  means. 

Mineral  and  synthetic  lubricating  oils,  however,  at  increased  temperatures 
are  decomposed.  Organo  silicon  liquids  are  stabler,  but  they  do  not  possess  the 
obtained  lubricating  ability  [1,  2],  The  latter  may  be  significantly  improved  by 
application  of  special  thermoresistant  antiwear  additives.  To  such  additives 
belong  certain  organo-molybdenum  and  organo-sulfur  compounds  [3-6].  These  additives 
can  be  successfully  applied  also  for  improvement  of  antiwear  properties  of  different 
lubricating  materials  of  special  purpose. 

The  mechanism  of  action  of  additive  on  the  basis  of  organo-molybdenum  and 
organo-sulfur  compounds,  apparently,  consists  in  formation  of  films  which  ensure 
sufficiently  good  separation  of  surfaces  of  friction  at  high  temperatures  and 
large  loads  [7-9]. 

^All-Union  Scientific  Research  Institute  for  Oil  and  Gas  Refining  and  the 
Production  of  Synthetic  Liquid  Fuel. 


Organo-Molybdenum  Antiwear  Additive  V-15/30 


Additive  V-15/30  is  a  complex  compound ,  formed  during  the  reaction  of  moly¬ 
bdenum,  in  the  form  of  molybdenum  blue,  with  higher  alcohols  or  esters.  Stable 
complexes  are  obtained  also  during  combination  of  molybdenum  blue  with  certain 
organo-phosphorous  compounds,  higher  amines  or  amide,  such  as  di-  (2-ethylheayl) 
phenylphosphate ,  di-ethylamidodidecylphosphate ,  di-dod e cy lamidod ido de cyl pho s phat e . 
Additive  V-15/30  is  readily  soluble  in  oils  and  possesses  the  ability  in  significant 
degree  to  improve  antiwear  properties  of  lubricating  materials.  Action  of  this 
additive  is  especially  effective  during  joint  application  with  organic  compounds 
containing  sulfur,  chlorine  or  certain  other  elements.  Apparently,  in  the  presence 
of  the  last  ones  the  organo-molybdenum  additive  will  form  a  more  durable  antiwear 
film  on  rubbing  surfaces. 

The  effectiveness  of  additive  V-15/30  in  the  pure  form  and  together  with  other 
compounds  was  tested  in  the  composition  of  different  mineral  and  synthetic  lubri¬ 
cating  oils,  and  also  silicon  liquids.  A  test  was  conducted  on  a  four-ball 
machine  and  on  friction  machines  with  toothed  and  gear  transmissions.  Tests  on 
four-ball  machine  showed  that  additive  V-15/30,  taken  in  quantities  in  3-5  times 
smaller  as  compared  to  applied  additives,  is  very  effective  with  respect  to  anti¬ 
wear  properties  in  oils  of  most  diverse  purposes.  Certain  results  of  test  of 
lubricating  oils  of  different  origin  with  additive  V-15/30  are  represented  in 
Fig.  1. 

In  Fig.  1  it  is  clear  that  in  all  cases  the  critical  load  of  seizing  in  the 
presence  of  additive  V-15/30,  applied  separately  or  together  with  a  sulfurous 
compound,  is  significantly  increased.  Thus,  during  the  addition  of  additive 
V-15/30  to  di-(2-ethylhexyl)  sebacinate  (DOS)  in  a  quantity  ensuring  a  content  of 
0.1/2  molybdenum  in  oil,  the  critical  load  of  seizing  is  increased  from  58  to  148  kg 
(curves  1  and  2)  and  in  the  presence  of  butyldisulfide  from  58  to  154  kg  (curves  1 
and  3). 


A  ndLAroos  eo^owd  adM  1a  afdwlwt  ratio  to  nolybdenun  (calculated  on 
{Imd^  MoS^).  With  an  increase  of  the  quantity  of  additive  f-15/30  to  a  content 
•f  &  eolybdemer  in  the  aSbarfnate  in  the  presence  of  butyldisulflde,  the  seising 
was  not  observed  even  at  a  load  of  300  kg  (curves  1  and  4). 

In  tbs  cceposltioB  of  silicon  liquids  additive  1-15/30  effectively  acts  in 
the  prance  of  suliUrcus  esnponent,  with  a  1*  nolybdemsa  content.  For  instance, 
Prhq  a  test  of  initial  oopolynec^Z,  seising  of  surfaces  set  in  at  50-70  kg,  then 
ns  fn  the  prnrwnt  of  1-15/30,  taken  together  with  dibenapldlsulflde, 

sslsinB  was  not  wsrhitl  at  loads  up  to  300  Ag  (curves  5  and  6). 


Pig.  1.  Effectiveness  of  action  of  additive  f-15/30  in  the 
oonposltlsa  of  different  oils. 

I_4i_(2-eth7lb«yl)  eebacinate;  di(2-ethylhexyl)  sebacinate 
with  additive:  2— f-15/30  (0.1*  Mo):  3— ♦  V-15/30  (0.1*  Ho) 

♦  butyldisulflde;  4— f-15/30  (1*  Ho)  +  but vldisul fide;  5— 
oopolywer-2;  6— the  sane  +  f-15/30  (l*  Ho)  ♦  dibeiuyldisulfide; 
7  tII  16-20;  oil  MS-20  with  additive:  8— V-15/30  (1*  **»);  9— 
f-15/30  (0.1*  Mo)  ♦  butyldisulflde;  10— f-15/30  (0.3*  *>)  ♦ 
butyldiswlflde;  11 — * trananiseion  oil  OS-12;  oil  DS-12  with 
additive:  12-1-15/30  (0.15*  Mo);  13 — sulfurous  additive  L&-6/9 
(3*  Mb);  U— f-15/30  (0.15*  lb)  ♦  sulfurous  additive  LZ-6/9 
(3*  Mo). 

KEI:  (a)  IT1  weiter  ef  spot  of  wear,  an;  (b)  Axial  load,  kg. 
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la  the  composition  of  mineral  oils  additive  V-15/30  was  tested  at  concentrations, 
calculated  on  molybdemm,  from  0.1  to  0.3?,  where  its  action  turned  out  to  be 
sufficiently  effective  already  at  a  0.1?  No  content  in  oil.  During  addition  of 
additive  to  oil  NS-20  up  to  a  content  of  0.1?  No  the  critical  load  of  seising  was 
increased  from  70  to  95  kg  (curves  7  and  8)  and  during  Joint  application  with 
tatyldisulflde  —  from  70  to  125  kg. 

Diameter  of  spot  of  wear  in  the  last  case  was  increased  to  2.5  am  without 
further  change  with  increase  of  load  to  400  kg  (curves  7  and  9). 

Increase  of  quantity  of  additive  to  a  0 .3?  Mo  content  in  oil  in  the  presence 
of  butyldisulfide  caused  a  still  sharper  improvement  of  antiwear  properties  of  oil 
(curves  7  and  10). 

During  test  of  additive  V-15/30  in  the  composition  of  transmission  oil  DS-12 
(mixture  of  74?  residual  and  26?  distillate  component  —  industrial  12,  0.15?  Mo) 
as  a  second  component  3?  of  suifurous  additive  LZ-6/9  was  used.  Results  of  tests 
characterise  high  effectiveness  of  Joint  action  of  additives,  especially  with  re¬ 
spect  to  critical  load  of  fusing.  Thus,  in  the  presence  of  one  additive  V-15/30 
the  load  of  seising  was  increased  from  79  to  126  kg  and  in  the  presence  of  one 
sulfhrous  additive,  from  79  to  100  kg;  during  Joint  application  of  both  additives 
from  79  to  158  kg;  the  load  of  fusing  v's  changed  from  126  to  282  ,  447  and  501  kg 
respectively  (curves  11-14). 

Oh  the  basis  of  obtained  laboratory  data  was  tested  oil  DS-12  with  additives 
V-15/30  and  LZ-6/9  on  a  Gilson  (Likhachev  Moscow  Automobile  Factory)  stand  for 
f.  sts  of  rear  axles  in  assembly.  The  results  obtained  confirmed  laboratory  data 
on  effectiveness  of  action  of  this  combined  additive;  surface  of  teeth  of  gears  of 
spiral-conical  transmissions  of  automobile  after  testing  turned  out  to  be  in  good 
condition. 

It  is  necessary  to  note  that,  along  with  very  effective  antiwear  properties 
additive  V-15/30  has  certain  deficiencies.  It  is  insufficiently  thermally  stable 
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In  the  composition  of  certain  high- temperature  synthetic  lubricating  materials . 

In  mineral  oils  the  stability  of  solutions  depends  upon  origin  of  base  component 
and  nay  be  Improved  by  means  of  addition  of  certain  inhibitors. 

Effectiveness  of  Orrarw-Holrfadenigr.  Additive  V-15/30  as  a  Means  fer 
Applying  Antifriction  Flln  of  Hydroxyaulfurous  Molybdenum 

on  Surface  of  Friction 

Developed  in  THII  HP,  organo-molybdenura  additive  T-15/l  is  readily  soluble  in 
mineral  and  synthetic  oils,  but  upon  heating  to  150*  is  decomposed  with  a  yield  of 
a  deposit  of  hjdroxysulfurojs  molybdenum  M0OS2,  which  is  deposited  on  surfaces  of 
metal  in  the  form  of  a  thin  film. 

This  property  of  the  additive  was  used  for  application  of  an  antifriction  film 
on  different  surfaces  of  friction  (ball  and  roller  bearings,  gears,  and  others). 

Smell  a  film  was  applied  by  means  of  treatment  of  metallic  parts  at  given 
temperatures  by  concentrated  (20-251)  solutions  of  additive  V-15/l  in  different 
organic  the  no  resistant  liquids. 

Hot  a  more  uniform  application  of  film  on  the  surface,  processed  parts  were 
placed  In  a  metallic  vessel,  warmed  by  an  electric  furnace  and  secured  in  a 
laboratory  vibrator.  Forward-backward  motion  of  vibrator  ensured  uniformity  of 
washing  of  all  surface.  As  solvents  of  additive,  dloctylsebacinate  or  organo- 
sllicon  high-temperature  liquids  were  used. 

Temperature  of  treatment  varied  within  the  limits  of  200-350*,  depending  upon 
thermal  stability  of  processed  steels.  Optimum  duration  of  treatment  constituted 
3  hours.  Parts  with  a  brilliant  polished  surface  after  treatment  by  additive 
▼-15A  obtained  (depending  upon  applied  temperature)  a  dark-gray  or  almost  black 
color,  explained  by  formation  of  hydroxysul furous  molybdenum  on  surface  of  film. 
This  film  Is  so  thin  that  by  existing  methods  its  thickness  can  not  as  yet  be 
determined.  The  presence  of  molybdenum  on  surface  of  balls  of  steel  St.  3» 
treated  by  additive  f-15/l#  was  proven  by  spectral  analysis. 


Tests  of  IWctlon  surfaces,  untreated  and  preliminarily  treated  by  additive 
l-15/l,  sere  conducted  on  different  friction  machines.  In  Fi*.  2  is  shown  Influence 
«T  preliminary  treatment  of  balls  fro®  silicon-molybdenum  steel  and  thermal  steels 
lOfc?  on  resistance  to  sear  of  film  forming  in  conditions  of  dry  friction  and 
Met  ion  with  lubricant. 

% 

Frost  given  data  it  follows  that  the  best  effect  is  attained  at  a  teaperature 
of  treatment  of  200*  for  silieon-eolybdemcA  steel  and  300*  for  thermally  stable 
steels  EX347. 

In  Table  1  are  given  results  of  tests  on  stand  ”W”  of  bearing  !to.  8204  before 
amd  after  treatment  by  additive  V-15/l.  The  data  allow  the  conclusion  that  during 
preliminary  treatment  of  friction  surfaces  by  additive  V-15/l,  the  effect  of 
lubricant  during  application  of  different  lubricating  materials  is  significantly 
faproved. 


Fig.  2.  Influence  of  preliminary  treatment  of  friction  surfaces  by 
additive  ?-15/l  on  effectiveness  of  lubricant  during  application  of 
mineral  and  synthetic  lubricating  oils. 

Conditions  of  test:  four-ball  machine;  speed  of  slip  57.5  m/sec, 
duration  of  friction  under  load  60  sec;  temperature  20O*C;  spheres 
from  silicon-nolybder.ur  steel  and  steel  EI347. 

Steel  F3347:  1 —  r.  treated  spheres  (200*C;  oil  —  dloetyl sebac inate ); 

2— untreated  spheres  (<D*C;  oil  —  dioctyl  sebac  inate) ;  }— ipbmvs  treated 
at  200*  (<00*;  oil  —  dioctylsebacinate);  4 — spheres  treated  at  350* 

(200*|  oil  —  dioc  tyl  sebac  in  ite);  5 — spheres  treated  at  300*  (200,*C;  oil  — 
dioctylsebacinate);  6—tl.e  sane  (20*0);  7 — spheres  treated  at  350*  (20*C; 
oil  — ■  dioctylsebacinate);  d — spheres  treated  at  *  JO*  (20*C;  oil  —  dioctyl¬ 
sebacinate);  9—8pheres  from  silicon-rwlybdenum  steel,  treated  at  200* 
(2C0*C;  mineral  oil  V-l);  10 — spheres  froa  s i  1  icon-rc lybdcmm  steel, 
treated  at  300*  {200*: ;  mineral  oil  V-l). 

IET:  (a)  Diameter  cf  spot  of  wear,  rr;  (b)  4xi  al  load,  kc;  (c)  Contact 
stress,  kg/an. 

i  i 


Table  1*  Results  of  Tests  on  Vertical  Stand  wd"  of  Bearing 
Bo.  8204  Before  and  After  Treatment  by  Additive 

f-15/1 

Condition  of  treatment:  25 1  solution  of  additive  f-15/l  in  pelyrcethyl- 
phenylsiloxane  (PKFS-4),  temperature  200*,  duraticn  of  treatment  3  hours. 
Conditions  of  tests:  n  =  850  rpm,  load  15*00  kg/ctr,  temperature  200*. 


Bearing  Bo.  8204 

. J . 

Applied  lubricant 

Length  of  operation 
up  to  scoring* 

Untreated . . 

Bsljmethylphenylsiloxane 

8  u.  5  m.  -8  u.  55  m. 

After  treatment . . 

Bslymet  hylpbeny  1  s  1 1nsane 

21  u.  -26  i.  30  m. 

Untreated . . 

Lubricant  No.  221 

55—58  min. 

After  treatment . . 

Lubricant  No.  221 

5  n.  30  s.  -10  u.  15  m. 

Gb  treated . . 

Lubricant  No.  250 

30—32  min. 

After  treatment . . 

Lubricant  No.  250 

3  n.  -3  v.  15  s. 

Ohtreated . . 

Lubricant  No.  210 

55—75  min. 

After  treatment . . 

Lubricant  No.  210 

4  v.  -4  *•  5  m. 

♦Ed.  Rote:  The  tines  are  in  the  Russian  system  Thus  8  i.  *  8  hrs,  and 
8  u.  5  si.  *  8  hrs  5  min,  etc. 


Antl-3cori nr  Orrano-Sul  for  Additive  V-15/2A 

Externally  additive  V-15/2A  is  a  butyrous  liquid  of  light-yellow  color,  not 
soluble  In  water  and  without  licit  dissolved  in  different  organic  solvents  and 
lubricating  oils  both  mineral,  and  also  in  synthetic,  and  also  even  in  organo- 
sillcon  liquids  (polymethylphenylsiloxanes,  r.ethylsiloxanes,  tetraoctosiloxane, 
and  others). 

Additive  T-15/2A  differs  by  *  very  high  stability,  (hiring  storage  over  a 
prolonged  tine  no  sign  of  its  decomposition  was  observed.  In  solutions  of 
different  lubricating  oils  the  additive  also  can  be  saved  a  long  time  without 
precipitating,  even  under  conditions  of  very  low  temperature*  (the  order  of  -50  to 
-60*) . 

A »  can  be  seen  from  data  In  Table  2,  basic  physico-chemical  indices  of  base 
liquids  practically  do  not  change  during  the  addition  of  1.5*  additive  V-15/2A. 
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anrl  its  Solutions  in  Organe— Silicon  Liquids 


£ 

Organo-silicon 

^  •< 

- 5 - 

<V 

S. 

liquid  without 

> 

5 

additive 

7? 

Indices 

■< 

C4 

Co  poly- 

FM-1322 

K. 

CN 

r*"\  »/> 

mer-2 

H  »A 

H  • 

8  + 

E  +• 

Tinematlc  viscosity  (in 
cm)  at  a  temperature,  ®C  + 

♦  150 

--  i 

4.16 

+100 

2.13 

5.7 

7.7 

5.49 

7.75 

+50 

5.49 

14.5 

— » 

14.13 

16.98 

+20 

-— 

— 

33.7 

— 

— 

0 

35.53 

82.14 

58.62 

-20 

140 

600 

130.43 

-10 

1294 

3200 

600 

513  5 

497.4 

-50 

— 

1339 

— 

1298.0 

Temperature  of  thicken- 

fc«,  *c 

-65 

-61 

-70 

-60 

-60 

Density 

fiijves 

hardens 

moves 

moves 

-65 

hardens 

moves  well 

1.137 

1.030 

— 

1.038 

— 

Coefficient  of  re¬ 
fraction  n~ 

1.579C 

_ 

1-4527 

1.4920 

_ 

Flash  point  (in  open 
crucible),  T. 

1 

t 

I 

— 

220 

223 

— 

During  the  study  of  thermal  arid  thermo-oxidizing  stability  of  solutions  of 
additive  V-15/2A  In  organo-silicon  liquids  it  was  shown  that  these  solutions  differ 
hr  high  stability  during  heating  to  200®.  During  temperatures  of  the  order  of 

—350*  heating  with  intensive  supply  of  aJ.r  leads  to  change  of  color  of  solutions, 
not  accompanied,  however,  bj  --ts  of  hard  deposits.  Durir’  heating  of  solutions 
of  additive  in  shown  conditions  with  steel  and  aluminum  plates  inaersed  in  then, 
on  the  steel  plates  wa*  observed  the  formation  of  a  black  friable  film  (apparently, 
as  a  result  of  reaction  of  produces  of  decomposition  of  additive  with  metal), 
presenting  wear  and  fusing  of  netals  during  friction;  on  aluminum  plates  films 


US 


were  not  formed.  Experiments  were  set  on  the  stud/  of  corrosion  aggressiveness 

m 

of  additive  V-15/2A.  Corrosion  was  determined  in  standard  conditions  at  100*  for 

3  hours.  ( All-Onion  Government  Standard  2917-45)  and  at  150*  for  90  hours.  (All- 

% 

felon  Government  Standard  5162-49). 

It  turned  out  that  corrosion  at  IOC*  and  150*  was  observed  only  during  reaction 
of  additive  with  copper  or  its  alloys.  Cn  all  other  tests  metals  *A1,  Kg,  Pb  and 
different  brands  of  steel,  and  also  non-stannous  bronzes)  corrosion  was  not  observed, 
feperlments  showed  the  possibility  of  significant  reduction  of  corrosion  aggressive- 
mess  of  additive  with  respect  to  copper  and  copper  alloys  by  means  of  its  passivation 
in  special  conditions.  Corrosion  was  able  to  be  reduced  on  electrolytic  copper  at 
s  temperature  of  150*  free  5.7  milligran/cn2  to  0.05-0.08  ailligras^/cm2  during  tests 
in  standard  conditions. 

Effectiveness  of  Ant  is  coring  Additive  7-15/2A  in  Conditions  of  Met  ion 
St  High  Terireratures  and  Large  loads 

An  evaluation  of  antiwear  and  ^-.ti scoring  properties  of  lubricating  oils  with 
an  additive  was  conducted  an  a  four-ball  machine  at  tesqpenatures  of  2D0*  and  250* 
smd  on  TsEB-54K  stand  at  350*. 

As  base  oil  with  these  tests,  thermally  stable  o rvano-s il icon  liquid. 

In  Pig.  3  are  shown  results  of  tests  of  organo-sillcon  liquids:  copolyr.er-2, 
HP-1322,  tetraoctoxylan  of  lubricant-6  without  additive  and  with  additive  V-15/2A. 

All  these  liquids  are  characterized  by  low  lubricating  ability  and  do  not 
prevent  fusing  of  spheres  under  a  load  of  150-170  kg. 

Addition  to  these  liquids  of  1.5*  additive  V- 15/2 A  eliminates  fusing  cf  spheres 
daring  testing  in  a  large  range  of  loads  up  to  300  kg.  Vlth  such  a  content  of 
additive.  In  certain  degree  a  distinction  of  lubricating  ability  of  base  liquids 
sltill  Amm  up.  !br  instance,  1.5*  additive  to  tetnoc toxylai*  does  not  prevent 
fhming  of  spheres  wider  a  load  of  250  kg. 
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Fig.  3.  Results  of  tests  on  four-ball  machine  of  different 
orgarso-silicon  liquids  in  pure  form  and  with  additive  V-15/2A. 


Condition  of  teats:  length  of  friction  under  load,  60  sec; 
speed  of  slip,  5”. 5  c-r/s^c;  temperature,  250*  for  copolymer-2, 
lubricant-6,  MF-1321./30.  Speed  of  slip,  19.2  cn^/sec;  temperature, 
130*  for  PKS_a. 

I — copolymer- 2  (100  ffesod  spheres);  II-— tetraoctoxylan  (100 
fused  spheres);  Til— FXFS-4.  (d15Q  =  3.5  nan);  IV— lubricant-6 
(125  fused  spheres);  V— !iF-l 322/300;  VI— FMS  (150  fused  spheres); 

VII— 275  fused  spheres. 

copolymer-2,  temperature  250°,  V-15/2A:  1— 1.0*;  2— 1.5t;  3—3.0*; 

4—6.0*;  5 — lubricant-6  +  1.5*  V-15/2A,  t  «  250“;  6— KF1322/300  + 

+  1.5*  V— 15/2A,,  t  -  250*;  PHFS-4  ♦  1.5*  V-15/2A,  t  -  250*;  8— 
PIC  +  1.5*  V-15/2A, t  -  130°;  9— Tetraoctoxylan  +  1.5*  V-15/2A, 
t  -^250°. 

IET:  (a)  Diameter  of  spot  oi  wear,  ran;  (b)  Deformation  of  spheres 
with  respect  to  cycles  per  second;  (c)  Axial  load,  kg;  (d)  Contact 
tension,  kg/an2. 


3*  additive  V-15/2A  smooths  distinction  in  lubrication  action  of  initial 
c  -  a-silleoR  liquids,  bringing  the  index  of  the  worst  of  them  to  the  best,  both 
with  respect  to  values  of  criti.  /  loads  of  seizing  and  also  with  respect  to  load: 

of  fhsing. 


The  bundle  of  wear  —  load  curves  for  a  3*  concentration  of  additive  is 
somewhat  lower  tkwi  for  a  1.5*  concentration  for  loads  up  to  100  kg,  but  practical  j 
|on  the. same  level  for  higher  loads  (250-300  kg). 
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Fig.  4.  Influence  of  preliminary 
treatment  of  friction  surfaces  by 
additive  7-1 5/2 A  on  effectiveness 
of  the  lubricant. 

Conditions  of  tests:  n  -  300  rpa; 
temperature,  250°  for  lubricant 
FMF5-4,  FH-1322/300  and  DOS.* 
n  **  1500  rpa,  temperature  20*  for 
mineral  oil  7-1.  Silicon-molyb¬ 
denum  spheres  d  =  12.7  mm. 

1 — PMFS-A  (untreated  spheres;  125 
fused  spheres);  2 — PM  1322/300  (un¬ 
treated  spheres,  150  fused  spheres); 

3 — PKFS-4  (spheres,  treated  by  a 
50!?  solution  7-15/2A  in  PMFS-4  at 
25°*C;  d™  *  3.41  nn);  4— PKFS-4 
(spheres  treated  as  in  3 ,  at  200 °C; 

<*200  *  4.5  m);  5 — PM  1322/300  (spheres 
treated  as  in  3  at  250*C;  d^oo  =  3*74 
»);  6— FX1322/300  (spheres  treated  as 
in  3  at  2D0*C;  d200  =  4*5  mm);  7— di- 
octylsebaclnate  (spheres  treated  as  in 
3  at  250*C;  d^cQ  *3.1  am);  8 — dioctyl- 
sebacinate  (spheres  treated  as  in  3  at 

200°C;  d175  -  4.5  nm)  ;  9 — mineral  oil 
7-1  (untreated  spheres);  10 — mineral 
oil  in  7-1  (spheres,  treated  as  in  3 
at  200 °C). 

KEY:  (a)  Diameter  of  spot  of  wear, 
am;  (b)  Axial  load,  kg. 

Ed.  Sober  DOS  *  Dioctylsebac^ oate . 


With  an  increase  of  concentration 
of  additive  to  improved  further 
antiwear  characteristics  of  applied 
base  oils  practically  are  not  ; 

improved.  *  \ 

\ 

Additive  V-15/2A  was  tested 
also  as  a  means  for  application  of  * 

antifriction  sulfide  film  on  different 
surfaces  of  friction.  The  film  was 
applied  under  conditions  similar  to 
these  described  above  for  additiva 
V-i5/l. 

Results  of  tests,  shown  in 
Fig.  4,  show  that  sulfide  film  ob¬ 
tained  during  treatment  of  friction 
surfaces  by  additive  7-15/2A, 

a 

significantly  improves  effectiveness 
of  lubricant  during  application  of 
different  lubricating  materials  ~t 
increased  temperatures. 

For  tests  of  additive  V-15/2A 
in  conditions  of  rolling  friction 
stand  TsKB-54M  was  used.  1.5!?  of 
additive  was  added  to  polymethyl- 

a 

phenyl siloxane.  Tests  were  conducted 
under  the  following  conditions.  j 

i 

| 
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Ifaaber  of  turns  of  shaft  per  minute .  16000 

Radial  load  of  bearing  TsKB-1082,  kg .  50 

Quantity  of  oil  in  system,  ml: 

in  beginning  of  first  stage  of  tests.... .  2500 

in  beginning  of  second  stage  of  tests .  1750 

Temperature  conditions,  °C: 

temperature  of  oil  tank . ..252—286 

temperature  of  preheater . 435—443 

temperature  on  entrance  of  oil  in  bearing. ..  .384— 386 

temperature  of  external  ring .  350 

temperature  on  getting  out  of  bearing . 356—366 


Duration  of  work  of  stand  on  a  given  regime,  hours.  10 

Change  of  physico-chemical  characteristics  of  oil  during  the  time  of  testing 
is  shown  in  Table  3* 

Table  3-  Change  of  Physico-Chemical  Characteristics  of  Oil 
During  the  Time  of  Testing 


Viscosity  kinematic 
(cs)  at  a  temperature, 

°C 

I 

Pour  point,  ®C  j 

_ i 

Plash  point,  #C 

Acid  number, 
milligram  KOH/g 

Specific 

gravity 

Oil 

100 

50 

0 

-20 

-40 

Fresh . 

After  tests . 

5.49 

7.261 

1 

14.14 

119.8 

I 

S2J4 

hau 

i 

311 

890.3 

i 

5115 

14599 

t 

-65 

-53 

i 

223 

242 

i 

0.1 

0.23 

1.038 

1.492 

After  10-hour  tests  of  oil  (in  2  stages  of  5  hours  each)  the  internal  surface 
of  the  thermochuJiber,  and  also  the  external  surface  of  the  working  head  turned  out 
to  be  covered  with  a  film  of  cobweb-like  mass,  from  white  to  dark-gray  color, 
isily  blown  by  a  flow  of  air.  Both  bearings  after  first  and  second  stages  of  tests 
had  good  mobility,  revolved  sr  •'othly,  without  seizings  and  were  useful  for  further 
use.  After  washing  the  noise  in  the  bearings  turned  out  to  be  not  greater  than  in 
new  ones.  Hardness  of  rings  after  tests  was  within  limits  of  allowance  (58-62 
Rockwell  units).  Increase  of  aiar'ic.er  of  bells  of  bearing  (on  the  average  by  2.5  n)t 
apparently,  should  be  explained  by  i  ©caution  cf  sulfide  film  during  reaction  of 
additive  with  steel. 


Tciq  races,  external  ana  internal  ring  turned  out  to  be  light,  brilliant, 
without  traces  of  wear. 

The  balls  had  a  dark  color  with  brilliant  and  smooth  surface.  Film  on  the 
balls  was  durable,  externally  resembling  the  film  obtained  at  sulfidation. 

Given  data  allow  consideration  that  copolymer-2  with  1.5%  additive  V-15/2A 
completely  ensures  work  of  rolling  bearings  at  a  temperature  of  350°. 

Conclusions 

1.  Additive  V-15/30,  containing  a  complex  compound  of  molybdenum,  possesses 
the  ability  to  sharply  improve  antiwear  properties  of  mineral  and  synthetic 
lubricating  materials. 

Its  action  is  especially  effective  during  joint  application  with  compounds 
containing  sulfur,  chlorine,  or  other  elements.  Deficiency  of  additive  V-15/30  is 
its  unsatisfactory  thermo-oxidizing  stability  in  the  composition  of  certain  high- 
temperature  lubricating  materials. 

2.  Organo-molybdenum  adaptive  V-15/l  may  be  successfully  applied  for  pre¬ 
liminary  application  of  antifriction  noncorroding  films  on  surface  of  friction. 

Ef.' — ivcr.es s  of  high-temperature  lubricant  during  application  of  different 
lubricating  materials  significantly  increases.  This  appears  in  the  reduction  of 
wear  of  metal  and  prevention  of  fusing  of  metallic  surfaces  under  large  loads  and 
high  temperatures. 

3.  Organo-sulfur  additive  V-15/2A  is  a  very  effective  antiscoring  additive 
to  high-temperature  lubricating  materials.  During  addition  of  it  from  1.5  to  3.0% 
to  different  lubricating  materials,  including  those  prepared  on  the  basis  organo- 
silicon  liquids,  their  lubricating  ability  significantly  is  improved,  and  scoring 
and  fusing  of  metallic  surfaces  in  conditions  of  high-temperature  friction  of 
heavily  loaded  parts  is  prevented. 


1.  A.  I.  Dintses  and  A.  V.  Druzhinina.  Synthetic  lubricating  oils. 
Gostoptekhizdat,  1959. 

2.  Kotor  fuels,  oils  and  liquids.  Collection  edited  by  K.  K.  Fapok  and  Ye. 

G.  Secenido.  Gostoptekhizdat,  1959. 

3.  G.  Hugel.  Erdol  u.  Kohle,  Kr.  9,  651,  1955. 

4.  G.  Kugel.  J.  Inst.  Petrol.,  42,  383,  5,  6A,  1956. 

5.  G.  Hugel  and  K.  Contrell.  Chimie  et  ir.dustrie,  76,  3,  482  (  56).  Zbl,  26, 
7216,  1957. 

6.  R.  Kontegui.  Anales  Soc.  Espar.ola  Fisica  Quim. ,  479,  1930. 

7.  K.  Antler.  Erdol  u.  Kohle,  Kr.  9,  751,  1959. 

8.  K.  Antler.  Ir.d,  Eng.  Chem. ,  Nr.  6,  753,  1959. 

9.  F.  P.  Bov/den  and  G.  V.T.  Rowe.  The  Engineer,  XI,  667,  1957.  F.  P.  Bcwden 
and  I.  S.  John/.  Proceeding  of  the  Royal  Society,  No.  1094,  208,  1951. 


ANTIOXIDANT  ADDITIVES  TO  LUBRICATING  OILS  CN  A  BASE  OF 
PRODUCTS  OF  REACTION  OF  PHOSPHORUS  f  ENT  ASUL  FIDE 

AND  TESPENES 


A.  M.  Rarlkovich  and  I.  V.  Ladyzhenskaya 
"Neftegaz*  Factory 

To  Improve  use  Ail  properties  of  notor  oils  two  types  of  additives  are  usually 
added  to  the*  simultaneously:  determent  and  antioxidant.  As  detergent  additives, 
for  the  most  part  sulfonates  and  alkylphenolates  of  barium  and  calcium  [l,  2]  are 
used.  The  purpose  of  the  secondary  additives  is  improvement  of  antioxidant,  anti* 
corrosive,  and  ant) near  properties,  which  worsen  during  addition  into  oil  of  sore 
prlaary  additives.  As  secondary  additives  phc?j- hero  us -con  tain  log  organic  compounds 
are  usually  used,  which  it  is  possible  to  add  independently  in  lubricating  oils 
to  Increase  durability  of  butyric  film  and  fer  work  in  conditions  of  super-fcigh 
pressures  (3). 

Phc***3>rous-containing  additives  react  with  surface  of  metal  at  high 
temperatures  appearing  in  contact  points  of  surfaces  of  friction,  with  fbmtion 
of  phosphides,  which  form  a  low-fusible  eutectic  with  the  underlying  layers  ef 
imtal  (iron  or  copper).  Due  to  this,  microroughnesses  of  surfaces  are  easily 
removed  during  friction,  surfaces  are  polished,  and  coefficient  of  friction  is 
lowered  (3,  4). 
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Hwtptofm^opUiniaK  additives  delay  oxidation  of  slneral  oil  in  the  mm 
which  in  attributed  to  the  decomposition  by  then  of  peroxides  —  initiators  of 
oxidation  [1,  6],  and  especially  sharply  strengthen  thermo-oxidising  stability  of 
thin  butyric  files  on  steel  [7,  0]  thanks  to  passivating  action  of  the  phosphide 
file  [9]  utslch  is  forsed. 

Protection  (anticorrosive  action)  by  phosphorous-containing  additives  of 
copper-lead  bearings  of  so  tors  is  based  on  formation  of  a  protective  fils,  containing 
molecule  of  additive- [10]  or  products  of  reaction  of  additive  and  metal  [6].  Basie 
applied  phosphorous-containing  additives  contain  also  sulfur  [6,  11-13],  since 
presence  of  the  latter  strengthens  action  of  phosphorus. 

fbr  automobile  oils,  as  additives  decreasing  wear  of  pushers  and  bearings  of 
carburetor  motors,  dialkjlaithiophosphat.es  of  zinc  and  other  setals  [6,  14)  are 
widely  used.  For  diesol  oils,  operating  at  higher  temperatures,  frequently  used 
are  products  of  reaction  of  phosphorus  pentasulfide  with  unsaturated  hydrocarbons 
(terpenes  and  polyolefins)  which  are  stabler  at  high  temperatures  than  dialkyl  - 
dithio  phosphate  . 

The  obtaining  of  products  of  the  reaction  of  phosphorus  pentasulfide  with 
terpen*'  is  given  in  a  number  of  patents  £  15 ).  Usually  1  sole  of  powaery  P^S^  is 
added  at  100-130*  to  4  soles  of  terpen*  (far  instance,  pinene,  dipentene,  or 
turpentine);  an  exothermic  reaction  occurs,  and  the  mixture  must  be  cooled  in 
order  to  avoid  for*  lion  of  cll-insoluble  products.  After  addition  of  the 
mixture  is  heated  for  mam  hour:*  at  140-160*,  and  hydrocarbons  awl  mom  low-boiling 
tnces  not  entering  in  the  reaction  are  driven  off,  and  the  remainder  filtered* 
Viscous  liquids  free,  yellow  to  b~.wn  in  color  are  obtained.  To  carry  out  the 
reaction  in  nnx>Vner  conditions,  terpene  is  introduced  into  the  inert  solvent 
(usually  In  hydrocarbon  fraction)  which  then  Is  driven  off,  or  in  mineral  oil, 
which  is  left  in  the  additive. 
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V;.ti  composition  of  procucts  of  reaction  of  terpene  and  at  present 

^t-ucied.  G.  M.  Kosolapov  [16]  assumes  that  with  this  reaction  a  mixture  of  products 
i »  foimed,  in  number  of  which  are  thiophosphine  acids  R2P(S)SH  and  RP(S)(SH)2 
(R  —  radical  of  terpene  RH)  and  thiophosphoric  enters  (RSj^PS  and  RSPS2.  According 
to  D.  P.  Dodgson  [12]  there  are  formed  (RS^PS  and 
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The  flow  of  the  following  main  reaction  between  P2S5  and  cyclohexene  [17]  is 
established: 
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In  this  reaction  atom  P  is  Joined  to  the  unsaturated  hydrocarbon  not  by  a 
double  bond,  but  to  atom  C,  which  is  in  position  to  double  bond.  The  results 
givvn  below  of  our  experiments  show  that  products  of  reaction  of  P2S5  with  terpenes 
contain  double  bonds  approximately  2  tines  less  than  they  should  when  primary 


double  bonds  of  terpene  are  kept  constant. 

Part  of  the  terper.e3  during  reaction  with  P2S5  i£  polymerized  in  view  of 
polymerizing  action  of  the  P2S5;  polyterpene  also  enters  in  the  product  of  reaction 
along  with  phosphorous-containing  compounds.  Thus  we  obtained  products  of  reaction 
of  P2S5  with  pinene  and  dipentene  fractions  of  turpentine,  containing  2-3%  P  at  a 
molecular  weight  of  product  of  300-350,  whereas  in  the  presence  of  1  atom  P  in 
molecule  of  product  its  content  had  to  be  around  10%.  Obtained  also  are  samples 
of  products  containing  5-6/5  P  at  a  molecular  weight  of  400-500,  for  which  the 
content  of  P  had  to  be  6-8%  in  the  presence  of  1  atom  P  in  the  molecule.  However, 
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products  with  in  ere  at  ec.  content  o:‘  pr.osph.oru3,  obtained  by  the  usual  cethoc,  turn 
out  to  be  not  soluble  it  mineral  oils  or  incompletely  soluble,  and  during  storage 
of  their  butyric  solutions  deposits  are  formed. 

We  consider  that  the  reaction  of  terpene  with  P2Sj  ^  the  beginning  in  known 
measure  is  analogous  to  the  reaction  of  PjSj  with  alcohols,  where  role  of  hydroxyl 
hydrogen  of  alcohol  is  executed  by  an  atom  of  hydrogen  of  terpeno  in  a-position  to 
double  bond,  as  is  observed  in  the  reaction  with  cyclohexene.  A  molecule  of  mono¬ 
cyclic  terpene  (dipenter.c)  has  two  double  bonds  and,  consequently,  two  active  atoms  j 

< 

of  hydrogen;  molecule  of  bicyclic  terpene  (pinene)  has  one  double  bond  but  its  '» 

four-member  ring  easily  breaks  and  it  is  isomerized  into  monocyclic  which  occurs  I 
during  action  of  acids  ana  heating,  i.e.,  in  conditions  of  reaction  of  terpene 

t 

with  P^Sr.  Ncne'.hei^o  it  is  shown  [243  that  bicyclic  terpenes  as  compared  to  } 

monocyclic  during  reaction  with  P2S^  give  an  oil-soluble  additive  with  a  large 
content  of  phosphorus  ana  best  yield  with  a  smaller  yield  of  oil  insolube  substances.! 

f 

Analogous  to  reactions  of  P2Sj  with  alcohols  and  cyclohexene,  the  following 
initial  reactions  between  P2S5  and  mor.ocycli3  terpene  RN  are  possible:  1 

s  s  s  it 

J)  4RII+  '  I’— S— I’, »  2  \V{'  -5-IJ..S 

s  s  iis  a 

o  <  sn  ns 

1  J*  1  1 

2)  2iur+^i>-s-i'<^  1 

5  5  s  s  f 

SII  IIS  * 

I  I  t 

3)  IU>— S— 1’R-f  IIR  -♦  RR  (S)  (SII),  +R.R  (S)  SII 

u  1:  i 

s  s  \ 

Formed  in  these  reactions,  thiophosphine  acids  are  easily  polymerized  with 

liberation  of  H2S  and  formation  of  insoluble  polymers.  Formation  of  given  compounds  i 

'  t 

also  is  observed  during  storage  of  usual  products  of  reaction  of  P2S5  with  terpenes  * 
in  butyric  solutions  or  in  pure  form.  | 


\>S 


f-  ■&**?*&'*** 


is  easily  Joined  to  double  bona  of  olefins,  giving  otrupUas  [18]  which 
should  occur  Also  during  the  reaction  of  P2S5  with  terpenes: 

AN 

M'lltWII«/  It  >11 

II 

BtpctpUns  reset  then  in  $2*5  with  formation  of  tetrathioorthopbosphates  end 
trlthlometaphosphates  [19]: 

draBHWK  +  s.rsn  2ii,s 

Vbr  stabilisation  of  products  of  reaction  of  P2S5  in  e  msober  of  patents  it  is 
proposed  to  process  their  aliphatic  alcohol  [20],  by  alkyl  phenol  [21]  or  urea  [22], 
to  add  in  then  butyric  solution  alcohol  or  carbonaceous  acid  [24.],  product  of 
condensation  of  aldehyde  with  ammonia  [25],  or  to  neutralise  their  bases.  However, 
these  proposals,  checked  by  us,  turn  out  to  be  insufficient,  and  for  obtaining  a 
stabler  product  of  reaction  by  given  methods  it  is  necessary  to  reduce  the  content 
of  phosphorus  which  decreases  the  effectiveness  of  its  action. 

We  found  [26]  that  the  reaction  of  P2S5  with  terpenes  takes  place  significantly 
better  in  the  presence  of  it  takes  place  at  a  lower  temperature  (70-90*), 

loss  insoluble  waste  will  be  formed,  yield  of  additive  is  higher  and  it  is  obtained 
an  stable  with  a  high  content  of  phosphorus.  Product  of  reaction  for  best  stability 
and  effectiveness  of  action  is  neutralised  by  a  base  of  metal. 

Tb  carry  out  such  a  reaction,  turpentine  (it  is  possible  in  a  mixture  with 
gasoline,  bensene  or  other  inert  solvent)  is  mixed  with  —  3*  AlCl^  at  40-60* 

(ilCIj  dissolves  with  liberation  of  BCl);  the  mixture  la  heated  to  TO- 90*  and  with 
this  temperature  and  mixing  powdered  P^Sj  in  quantity  1  mole  per  4-6  moles  of 
terpeme  is  gradually  added  over  2-5  hours;  shown  temperature  is  maintained  by 
mvtermal  cooling  of  vessel.  After  addition  of  all  temperature  of  mixture  is 

increased  to  130-150*;  at  this  temperature  the  mixture  is  mimed  1-3  hours  cooled 
somewhat  and  filtered  sr  centrifuged  for  removal  of  Insoluble  substances.  For  rs- 
mrmX  of  AlCl^  the  product  is  washed  with  50-70*  (5-10*  on  product)  and 


than  wmter.  Fro*  purified  product  unreactirg  hydrocarbons  (and  *oi»*n*. )  are 
driven  off  in  the  beginning  under  atmospheric  rressur-  to  temperature  of  the 
rvlnirr  •»  200*  end  then  at  a  pressure  of  2-2 0  rc  Hg  to  a  temperature  of  the 
raulnder  of  3JO-180*.  The  remainder  (acid  additive)  is  mixed  with  a  surplus  of 
hydroxide  or  oxide  of  metal  (for  instance,  with  25*  milk  of  lime)  3-5  hours  at 
80-90*,  then  temperature  is  increased  to  130-140*  for  evaporation  of  water,  it  is 
diluted  hy  a  hydrocarbon  solvent  (gasoline),  they  filter  or  centrifuge  it  and 
drive  off  the  solvent.  In  Table  1  are  given  results  of  obtaining  additives  by  the 
msnal  method  and  in  the  presence  of  AlCl^.  Raw  material  in  all  cases  was  pinene 
fraction  of  turpentine  (turpentine  oil  according  to  the  All-Union  Government 
Standard  1571-54),  containing  60*  terpene;  on  experiment  it  took  —500  g  turpentine. 

Neutralized  products  of  reaction  in  the  presence  of  AlCl^  turned  out  to  be 
sufficiently  stable  during  storage,  in  spite  of  having  around  5*  P  in  them,  and 
had  a  significantly  less  sharp  odor  t ban  additives  obtained  without  AlCl^j. 

During  neutralization  by  ^(OH)^  salts  of  organophosphorous  acids  are  ob¬ 
tained  remaining  in  the  re«dy  additive,  giving  it  a  high  ash  content,  l\irlng 
neutralization  by  Zn^  a  significant  part  of  the  formed  salts  of  organophosphorous 
acids  is  not  soluble  in  hydrocarbon  solvent  and  precipitates. 

During  determination  of  bromine  •  riy*r,  pinene  acts  like  dipentine,  i.e,. 

Joins  to  1  molecule  4  atoms  of  bro.ui-e  cue  to  breaking  of  four-member  ring. 

Bromine  number  of  pinene  265,  and  product*  of  reaction  of  w.th  pinene  had  to 

havw  bromine  nuubers  of  210-225  under  the  condition  of  constant  douole  tends 
nd  tricing  irto  account  composition  of  products  of  reaction.  Actual  bremine 
ambers  of  the  auditives  ar*  1  -ss  than  half  of  the  shown  m  piitude  due  tc  the 
addition  cf  H^3  and  partial  polyr.eriu.wion. 


Ifcble  1.  Additives  —  Products  of  Reaction  of  P2S5 

with  Terpenes 


Method  of  obtaining 

Property 

Usual,  without 

In  presence  of  Aid*) 

neutralisation 

Without 

neutral¬ 

ization 

Neutral¬ 
ization 
by  Ca(0H)2 

Neutral¬ 
ization 
by  ZnO 

field,  %  on  terpene  +  . 

69.3 

81.9 

79.4 

77.2 

Specific  gravity  d^ . * . . . . 

20 

Index!  of  refraction  . . 

0.977 

1.50U 

1.5559 

1.5601 

1.035 

1.5579 

Average  molecular  weight--.. . 

308 

352 

'  475 

; 

355 

Viscosity  at  100*,  cs . . . 

8.1 

16.2 

18.3 

29.9 

Content  of  phosphorus, 

2.0 

5.1 

4.9 

4.3 

Content  of  sulAir,  . 

4.9 

11.8 

9.9 

9.5 

Ash  content,  t . . 

0.0 

0.0 

15.1 

0.47 

Acid  niaober: 

indicator  brano phenol  KUw, 

5.9 

14.6 

9.9 

0 

indicator  phenolphthalein. . 

14.4 

61 

67 

10.3 

Bromine  nucber  according  to 
Fhuicla..... . . . 

63 

80 

78 

77 

The  mo-oxidizing  stability 
according  to  All-Union 
Government  Standard  4953-19 

It  solution  of  additive  in  | 

oil  HT-16  at  2J0*,  minutes*. .. 

| 

40 

1 

55 

65 

65 

The  same,  in  plate-evaporator... 

55 

1 

00 

95 

90 

Deposit  after  a  32-hour  heating 
at  180*  a  15  ss.  at  ion  of 
additive  in  oil  AC-5,  g/100  g 

oil . 

0.21 

0.01 

0.008 

Transparency  of  l£  solution  in 
oil  AC-5: 

aftiir  a*  ■  «W  4«mm  .......... 

Transparent 

Turbid 

Tran 

The 

isparent 

sane 

after  1  month  of  storage  at 

*Thernooxidizing  stability  of  oil  NT-16  base  (without  additive)  according  to 
standard  Method  la  a  plate-evaporator  20  ninutes. 


-too 


(During  standard  determination  of  thermo-oxidizing  stability  according  to 
All-Union  Government  Standard  4953-49,  oil  with  phosphorous  additives,  having  a 
high  thermo-oxidizing  stability,  are  spread  along  a  significant  area  of  disk, 
forming  a  layer  of  oil  significantly  thinner  than  for  oils  with  a  low  thermo- 
oxidizing  stability.  Since  speed  of  oxidation  of  film  of  oil  increases  with  de¬ 
crease  of  its  thickness,  then  for  determination  of  comparative  action  of  additives 

|  in  a  layer  of  identical  thickness  we  used  a  plate  evaporator  according  to  All-Union 

! 

Government  Standard  5737-53  having  an  internal  diameter  of  21.4  mm,  in  which  was 

placed  a  weighed  portion  of  oil  (0.05  g)  and  ring  according  to  All-Union  Government  ■ 

i 

Standard  4953-49.  From  given  data  it  is  clear  that  action  of  phosphorous  additives 
on  thermo-oxidizing  stability  during  identical  thickness  of  layer  of  oil  in  plate 

I 

I  evaporators  shows  significantly  stronger  than  during  the  standard  method  according  j 

j  to  All-Union  Government  Standard  4953-49. 

With  the  action  of  P^Sc  on  a  mixture  of  terpene  or  turpentine  and  aliphatic  ; 

I 

alcohol,  we  obtained  additives  with  a  high  content  of  phosphorous  and  stable  ; 

I 

during  storage.  This  reaction  takes  place  easily  in  presence  of  a  catalyst,  of 

l 

l-5%>  of  sulfuric  acid  on  terpene.  In  Table  2  are  given  some  of  the  obtained  J 

|  products  of  the  reaction  of  P^Sj  with  a  mixture  of  pinene  fraction  of  turpentine  I 

4 

* 

(tur^ntine  oil  according  to  All-Union  Government  Standard  1571-54)  and  n-butanol,  \ 

f 

:•  '  f 

prepared  in  the  following  manner.  To  a  mixture  consisting  of  1  mole  terpene  in  ; 

1  i  I 

|  the  form  of  turpentine  (contains  60#  terpenes),  1  mole  n-butanol  and  2$  (on  j 

terpenes)  1002J  over  1.5-2  hours  at  80-90°  0.3  mole  P2S5  i3  added  to  the 

mixture,  maintaining  temperature  of  mixture  by  external  cooling*  After  addition  j 

I  of  PjSj  the  mixture  is  heated  to  120-130°  and  mixes  at  this  temperature  for  2  hours,  I 

washed  from  the  H^SO^  by  water  at  50-60°,  filtered  and  distilled  under  atmospheric  j 

pressure  to  a  temperature  of  the  remainder  of  200°,  then  under  a  pressure  of  t 

2-20  mm  Hg  tc  a  temperature  of  the  remainder  of  130-180°.  The  obtained  acid  f 

additive  is  neutralized  just  as  the  product  of  reaction  of  P2S5  with  one  terpene.  I 


The  formula  of  mixed  Add  it  ires  (terpene  ♦  Alcohol)  can  be  presented  analogously 

to  the  foraula  of  diaUqrldithlophosphates  r 

s  n 

r' 

IIS  OR* 

where  R"  —  radical  of  alcohol  R"  OH. 

The  presence  in  nixed  additive  of  OR*  group  facilitates  the  introduction  of 
metal  in  the  molecule.  Thus,  neutralized  by  zinc,  the  product  of  the  reaction  of 
^2^5  *1*1*  terpene  (see  Table  l)  had  a  0.47?  ash  content,  and  the  nixed  additive, 
neutralized  by  zinc  [Table  2,  experinent  135),  had  a  content  of  15.5?. 


Table  2.  Additives  —  Products  of  Reaction  of  P2S5 
with  Equimolecular  Mixture  of  Terpene  and 
n-Butanol 


No. 

experiment 

Characteristics 

128 

134 

135 

Yield,  %  on  terpene  +  n-butanol 

+  ^5 . m . 

Specific  gravity  .  . .. . . . . 

Index  of  a  refraction  n^ . 

Average  molecular  weight. . . 

83.8 

83.6 

1.017 

1-110 

1.210 

1.5012 

1.5261 

1.5236 

292 

498 

470 

Viscosity  at  100*,  . . 

2.97 

20.8 

17.3 

Content  of  phosphorus,  % . 

6.6 

6.2 

6.0 

Content  of  sulfur,  ?. . . 

13.0 

11.9 

11.5 

Ash  content,  % . 

0 

15.3 

15.5 

Bromine  number  according  to 

Francis > . , 

49 

52 

Acid  number: 

Indicator  bromopnenol  blue. . , 

25.1 

0 

0 

Indicator  phenol phthalein. . . . 

42.4 

36.3 

39.2 

Potentiometrlc  to  pH-4 . . 

— 

15.9 

-2.6 

Potentiometric  to  pH-9. ...... 

_ 

-3.1 

7.7 

Thermo-oxidizing  stability 
according  to  All-Union  Govemrert 
Standard  4953-49  of  1?  solution 
of  additive  in  oil  MT-16  at  250*, 

minutes* . * . 

45 

60 

55 

The  same,  in  a  plate-evaporator... 

51 

85 

80 

Transparency  of  l£  solution  in  oil 
AS- 5  after  1  month  of  storage  at 

~20* . 

Transparent 

•See  footnote  to  Table  1. 


Tests  of  obtained  additives  in  combination  with  additive  1©-I02u  (contains 
20%  basic  calcium  sulfonate,  1C^  calcium  salt  of  product  of  condensation  of 
aUgrlfbeaol  with  formaldehyde,  70$  mineral  oil)  in  oil  K5-20  showed  that  a 
calcium-containing  additive  is  the  best  antioxidant  (see  Table  1). 

Conclusions 

1.  The  reaction  of  phosphorus  pentasulfide  with  terpenes  takes  place  in  the 
presence  of-  aluminum  chloride  at  a  lower  temperature  and  with  a  smaller  formation 
of  high-polymer  insoluble  substances  than  in  the  usual  method  in  the  absence  of 
sloeintsB  chloride;  neutralized  by  bases  of  metals,  the  products  of  reaction  in  the 
presence  of  aluminum  chloride  as  compared  to  those  obtained  by  the  usual  method, 
possess  best  stability,  higher  content  of  phosphorus  and  sulfur,  best  solubility 
in  oil  and  give  a  higher  thermo-oxidizing  stability  to  mineral  oils  in  thin  film. 

2.  A  new  type  of  organc- phosphorous  compounds  has  been  obtained  bj  means  of 
reaction  of  phosphorus  pentasulfide  with  a  mixture  is  terpene  and  alcohols  in  the 
presence  of  sulfuric  acid  as  a  catalyst.  The  obtained  products  of  reaction  form 
salts  with  bases  of  metals,  which  are  applicable  as  additives  to  lubricating  oils. 
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KE.TAI  DIAUCILDI THIOL  HOSPHATES  AS  ANTIOXIDANTS  OF  LUBRICATING  OILS 


P.  I.  Sonin,  V.  V.  Sher,  L.  F.  Chemyarskaya, 
N.  V.  Melent'eva,  and  I.  S.  Glukhoded 
Institute  cf  Oil-Chemical  Synthesis  of  Academy 
of  Sciences  of  USSR 


DiaUtyldithiophospnat.es  are  poi*  to  lubricating  oils. 

i 

t 

;  As  was  established,  certain  additives  of  this  type  possess  washing,  anticorrosive, 
and  antiwear  properties  and  are,  furthermore,  antioxidants,  and  certain  are  de¬ 
pressors  and  demulsifiers  [1]. 

Dialkyldithiophosphates  of  metals,  as  antioxidants  of  lubricating  oils, 

i 

i  were  briefly  characterized  by  us  earlier  [2,  3l«  It  was  established  that  they 

! 

|  increase  thermo-oxidizing  stability  of  rils  (All-Union  Government  Standard,  4953-49) 

]  and  delay  fbmation  of  tarry  products  not  soluble  in  oil  in  conditions  of  standard 
tests  on  PZ¥  motor.  Oils  containing  dialkyldithiophosphates  of  metals,  as  a  rule, 
differed  by  smaller  content  of  acid  products  (smaller  acid  and  nut*  r)  than  oil 

j  .  Tout  additives  [3J. 

t 

In  literature  there  are  also  other  data  about  antioxidant  action  of  dialkyl- 
dithiopbos  pha  *  *.  I rut  tor  [4]  investigated  rechan  inn  of  action  of  anticorrosive 
additives  —  inhibitors  of  corrosion  of  copper-lead  alloys  of  bearings  —  and 
found  that  corrosion  in  significant  degree  depends  on  stability  of  oil.  In 
connection  with  this  a  number  cf  additives  of  the  antioxidant  type  was  tested. 

i  ;i:\ 


Tests  were  conducted  in  presence  of  catalysts  of  oxidation  —  metallic  copper 
and  organic  salts  of  copper  soluble  in  oil,  for  instance  copper  oleate.  As  was 
shown,  certain  additives,  also  including  zinc  dialkyldithio phosphate  delay  process 
of  oxidation  of  oil.  The  act:  .  >f  inhibitors  in  this  case  the  author  connects 
with  their  ability  to  decompose  hydrogen  peroxide  forming  during  oxidation  of 
hydrocarbons  of  oil.  Larson  [53  gave  general  characteristics  of  zinc  dialkyl¬ 
dithio  phosphates  as  aaditives  to  lubricating  oils  and  also  established  that  they 
essentially  delay  oxidation  of  high-purified  (white)  oil  by  atmospheric  oxygen. 

He  also  confirmed  influence  of  zinc  dialkyldithiophosphate  on  speed  of  decomposition 
of  peroxides. 

In  this  work  is  studied  the  antioxidant  activity  of  dialkyldithiophosphate 
of  metals  of  different  structure  and  the  influence  of  certain  factors  on  process 
of  oxidation  of  hydrocarbons  of  oil  in  presence  of  these  additives  is  shown. 

For  investigation  technical  additives  which  have  following  structure  were 


taken*. 
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The  influence  of  additives  on  oxidation  of  oil  DS-6  and  fractions  separated 
from  this  by  chromatographic  means  was  studied. 

Oil  DS-8  —  distillate  obtained  from  suifurous  oils.  It  was  distilled  within 
the  limits  of  333-420°  and  had  the  following  characteristics: 


*Sd.  Vote:  -  DF 


viscosity  at  100*,  cs.... . 7.98 

flash  point,  *C . 186 

temperature  of  thickening,  *C .  -32 

content  of  sulfur  in  oil,  *. . . 1.04 


Oil  DS-8  was  divided  by  chromatographic  method  (silica  gel  of  brand  ASK, 
desorbent  —  isooctane,  benzene,  alcoholbenzene)  into  a  fraction,  characteristics 
of  which  are  given  in  the  table. 


Chemical  Composition  of  Oil  DS-8 


Separated  fractions 

Yield, 

% 

10 

"d 

Content 

of 

sulfur. 

Paraffin  and  naphthenic  hydro¬ 
carbons . 

50.8 

1.4740 

0 

Monocyclic  aroratic  hydro¬ 
carbons  and  sulfurous  cor.pounds. 

31.5 

1.5090 

1.26 

Bieyclic  roratic  hydrocarbons  and 
sulfurous  con pounas . 

13.6 

1.5408 

3.11 

Resins . . . . 

3.9 

.■ir^ 

Average-oolecular  weight  of  fraction  of  paraffin  and  naphthenic  hydrocarbons 
constituted  404,  d^  *  O.8o27,  n^°  *  1.4740.  According  to  data  of  structural- group 
analysis  an  average  nolecule  of  thi?  fraction  contained  two  naphthenic  rings;  share 
of  carbon  in  naphthenic  structures  cituted  35. 2<,  in  paraffin  structures  64. 8J. 

The  majority  of  experiments  of  oxidation  were  conducted  with  fraction  of 
naphtheneparaff-n  hydrocarbons  separated  fro®  oil  DS-8.  This  fraction  does  not 
contain  natural  inhibitors  of  oxidation,  is  very  unstable  and,  there  tore,  is  the 
nst  receptive  to  action  of  aaaitives  of  the  antioxidant  type. 

Oxidation  of  oil  was  cc*  “mined  with  respect  to  absorption  of  ogygen  by  oil 
in  a  closed  sys  eo,  and  the  quantity  of  absorbed  oxygen  was  established  with 
respect  to  the  drop  of  barometric  pressure.  This  principle  of  determination  of 
oxldlsabillty  of  hydrocarbons  and  other  substances  was  for  the  first  time  applied 
by  Mourev  and  Dufraisse  [e>].  We  used  the  somewhat  modified  method  of  0.  C.  Fipik  (7), 
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According  to  whom  tht*  quantity  of  absorbed  oxygen  was  determined  by  the  rise  of 
water  in  barometric  tube.  In  all  experiments,  by  the  dro-  of  barometric  pressure 
was  determined  the  volume  of  absorbed  oxygen ,  and  results  of  oxidation  were 
presented  in  the  form  of  curves  of  dependence  of  the  quantity  of  absorbed  oxygen 
on  the  length  of  oxidation.  The  weighed  sample  of  oil  constituted  2  g. 

Comparative  Activity  of  Antioxidants  of  the  Metal 
Diallcyldithio phosphates  Type 

In  Wg-  1  are  given  results  of  oxidation  of  paraffin-naphthenic  fraction  in 
presence  of  different  dialkyldithiopho^phates  of  metals  at  a  temperature  of  100*. 
Concentration  of  additives  in  oil  in  first  series  of  experiments  constituted  3*5/6 
(fig.  la)  and  in  second  series  2  maole/100  g  oil  (Pig.  lb). 

from  given  data  it  is  clear  that  the  paraffin' naphthenic  fraction  itself  is 
extremely  unstable  —  absorption  of  oxygen  in  the  assumed  conditions  is  finished 
in  six  minutes.  All  dialkyldithiophosphates  li  one  or  another* measure  delay  speed 
of  oxidation  of  hydrocarbons  and  are,  consequently,  antioxidants.  However,  their 
activity  as  antioxidants  is  not  identical  and  depends  in  the  first  place  on 
structure  of  hydrocarbon  radicals.  Least  active  are  additives  DP-9,  DP-11,  and 
DP-12,  rnnt lining  primary  hydrocarbon  radicals,  i.e. ,  obtained  on  the  basis  of 
primary  alcohol*  —  isobutyl  and  2-ethylbexyl.  All  remaining  additives  contain 
secondary  hydrocarbon  radicals  (secondary  octyl  radicals  in  additives  DF-8  and 
DP-10  or  secondary  radicals  of  technical  alcohols  in  additives  DF-1,  DF-2,  DP-5) 
and  correspondingly  differ  by  Increased  and  almost  identical  activity.  This  may 
especially  graphically  be  seen  in  Pig.  lb,  on  which  are  shown  results  of  oxidation 
of  fraction  containing  an  eov'^iecular  quantity  of  additives. 

Obtained  data  about  i&  of  structure  of  hydrocarbon  radicals  on 

antioxidant  properties  of  dialkyldithiophosphates  are  in  accordance  with  source 
material  ($]• 
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W*.  1.  Influence  of  antioxidants  of  the  metal  dialkyl- 
dithiophosphate  type  on  oxii«tion  of  paraf f in-raphthenic 
fraction. 

a-  —concent ration  of  additives  3.5*;  1 — paraffin-naphthenic 
fraction;  p.*r* f  *"in~najrhtheftic  fraction  vith  additive; 

2— DP-1?  3 — DFW ;  4 — DF-5*  5--DF-8;  6— DF-9;  7— fP-10; 

8 —  DF-13 ;  9~- :  30—  lyubrisol  1060;  11— sanlolube  393? 
b— concentration  of  a  :  \*  iv-s  2  urol e/100  x  fraction;  1— 
para:  fin-napi-th'-nic  fraction;  paraffin -naphthenic  fraction 
with  additive:  «--3o*  DP-1;  3— 3.0*  DP--2;  4—3.3*  DF-5; 

5—1-7*  DF-8;  6—1.7*  DF-9;  7—1.4*  DF-10;  8—1.4*  DF-11; 

9— 1-8*  DF-12 ;  10—0.8*  iyubrisol  1060;  11—0.8*  santolube  393- 
IKT:  (a)  Vojorre  of  absorbed  ojgrpen,  aaVl^  8  butyric 
fraction;  (b)  Tire,  rinutes. 


dithioftesptwrtes  of  s-etals  on  oxidation  of  paraffin- 
naphthwnic  fraction. 

1 — paraf fln-n-i r n t - p  1 :  fraction;  paraf  fin-r.achthenie 
fraction  with  oudi.iv'*:  * — I/F-l;  3— 0F-2;  4 — CF-5;  5— 
DP-8;  6— Dr-9;  IF-!'  ;  8— Dr-ll;  9— PF-12;  10— Lyubriaol 

1060;  11 — Santolube  3^3- 

1ST:  (a)  Volur.e  of  abserbea  oxygen,  c*3/ioo  f  butyric 
fraction;  fb)  • ,  r.ir 
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In  Fig.  2  are  given  results  of  oxidation  of  paraffin-naphthenic  fraction 
of  hydrocarbons  in  the  presence  of  the  sane  additives  (concentration  3.5*) ,  but 
at  a  temperature  of  150*. 

The  basic  conclusion  which  was  Bade  earlier  about  the  influence  of  hydro¬ 
carbon  radicals  (secondary  and  primary  hydrocarbon  radicals)  c  .  antioxidant 
activity  of  dialkyldithiophosphates  is  also  verified  in  this  series  of  experiments 
of  oxidation,  conducted  at  a  lower  temperature.  It  is  essential  also  to  note  that 
with  decrease  of  temperature  of  oxidation,  activity  of  antioxidants  of  the  dialkyl¬ 
dithiophosphates  type  sharply  increases.  For  instance,  the  time  of  oxidation  of 
fraction  (22  minutes)  in  the  presence  of  additive  DF-10  increased  more  than  25  times 
(over  9  hours). 


Temperature  of  Oxidation 

The  influence  of  temperature  on  oxidation  of  paraffin-naphthenic  fraction  in 
the  presence  of  additives  DF-1  and  DF-11  was  studied  at  temperatures  of  120*,  130*, 
140\  150*.  160*,  100*  and  200*. 

Stability  of  the  fraction  itself  with  decrease  of  temperature  from  200*  to 
120*  is  increased  in  a  very  insignificant  degree  (Pig.  3). 

The  action  of  additives  DF-1  and  DF-11  as  antioxidants  directly  depends  on 
temperature.  At  a  temperature  of  200*  both  additives  practically  do  not  increase 
stability  of  butyric  fraction.  With  degrease  of  temperature  of  oxidation  from 
200*  to  120*  activity  of  additives  as  antioxidants  continuously  increases  and  at 
a  temperature  of  120*  both  additives  almort  completely  delay  oxidation  of  hydro¬ 
carbons  of  butyric  fraction.  In  the  whole  investigated  interval  of  temperatures, 
additive  DF-1  (high-molecular  barlvn  dialkyldithio phosphate)  turned  out  to  be  a 
more  active  antioxidant  than  additive  DF-11  (comparatively  low-molecular  sine 
dialkyldlthiopiwsphate) . 


w*.  3«  Influence  of  temperature  on  oxidation  of  paraffin- 
naphthenic  fraction,  containing  additives  DP-1  and  DP-11, 
x  —  paraffin-naphthenic  fraction;  paraffin-naphthenic 
fraction  with  additive:  0  —  2%  DF-1;  0—2%  DP- 11; 

€*—  5%  DP-11  • 

RET:  (a)  Volume  of  absorbed  oxygen,  cm^/100  g  butyric 
fraction;  (b)  Time,  minutes. 

The  lowering  of  activity  of  additives  at  high  temperatures,  it  seems  to  us, 
is  connected  with  partial  decomposition  of  additives. 

Concentration  of  Additives 

Influence  of  concentration  of  additives  on  oxidation  of  oil  was  studied  on 
the  example  of  additives  DP-1  and  DP-11  (Fig.  4a,  b). 

Antioxidant  action  of  additive  DP-1  with  increase  of  concentration  (Von 
0.05  to  l.$£  increases,  then  during  concentra'  lens  of  the  order  of  1.5-5.0R  remains 
approximately  on  an  identical  level;  after  further  increase  of  cor rer.traUon,  the 
antioxidant  action  of  the  additive  is  somewhat  lowered.  With  very  mull 
concent  rat  ions  (0.05-0. if),  action  of  the  additive  on  oxidation  of  butyric  fraction 
is  eery  insignificant.  Consequently,  optimal  concentration  of  additive  DP-17  in 
assumed  conditions  of  oxidation  should  be  considered  1.5?  (or  0.75t  barim  dialkyl- 
dithiophosphate  proper). 

The  general  character  of  influence  of  concentration  of  additive  DF-il  on 
oxidation  of  butyric  fraction  (see  FI*.  4b)  is  analogous  for  additive  DP-1,  but 
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optiaran  concentration  of  additive  DF-11  constituted  5*  instead  of  l*5t  for  additive 
DF-1.  this  distinction  la  optimum  concentrations  of  both  additives,  which  will 
be  still  sore  significant  in  the  list  on  nolar  concentrations,  once  again  points 
to  higher  antioxidant  activity  of  additive  DF-1  as  compared  to  additive  DF-11 . 


•—Influence  of  concentration  of  additive  DF-1  on  oxidation 
of  paraffin-naphthenic  fraction  ( tempera ture  of  oxidation  150°). 
b— influence  of  concentration  of  additive  DF-11  on  oxidation 
of  paraffin-naphthenic  fraction  (temperature  of  oxidation  150°). 
KEY:  (a)  Volume  of  absorbed  oxygen,  ctr.3/100  g  butyric  fraction; 
(b)  Faraf fin-naphthenic  fraction;  (c)  Time,  minutes. 


Influence  of  Technical  Addltjys  On  Oxidation  of  Butyric  Fraction 

in  Fig.  5  are  represented  results  of  oxidation  of  paraffin-naphthenic  fraction 
he  the  presence  of  different  technical  additives. 

the  fb  Having  add t Ives  were  tested:  known  antioxidants  diphenylamin  and 
Isnol  (2.6-di-tert-frutyl  -4  exethyl  phenol),  additive  of  the  alkyl  phenolates  type  — 
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Paranoiac  $6A  (disulfide  of  barium  d i isobutyl phenolate ) ,  barium  alkyl  phenolate 
("Hashing1'  component  of  additive  tsiatira*-339),  tsiatim-339  (contains  disulfide 
of  barium  alkyl  phenolate)  vnii  np-350  (barium  alkyl  phenolate  with  high  content  of 
barium);  vnii  np-3^0  (contains  vnii  np-350  and  vnii  np-35A — dialkyldithiophosphate 
—dialkylpherryldithio phosphate ) ;  additive  of  sulfonate  type  —  (sulfonate  of 
barltm)  washing  component  of  additive  aznii-5),  aznii-A  (contains  sulfonate  of 
calcitm  and  sulphurized  oil),  PKS  (sulfonate  of  calcium);  additive  of  metal 
dithio phosphates  type  —  IP-22k  (disulfide  of  calcium  d ialkyl phenyl idthio phosphate), 
0F-1  (high-nolecular  dialkyldithiophosphate  of  barium). 

As  one  should  have  been  led  to  expect,  additives  of  the  sulfonates  type  only 
in  insignificant  degree  affect  oxidation  of  oils.  Little  active  also  are  additives 
of  the  alkylphenolates  type  (bariur.  alkylphenolate,  vnii  np-350),  although  they 
also  possess  a  certain  antioxidant  action.  Significantly  more  active  are  additives 
of  the  alkyl  phenolate  type,  cvr.tatning  sulfur  or  phosphorus  in  the  form  of  sulfide 
or  dithiophosphates  (tsiatim-339,  vnii  np-360,  vnii  np-3&l,  par  an  ox  56a).  The 
most  active  antioxidants  in  the  assured  conditions  of  oxidation  turned  out  to  be 
additive  DF-1  (high-molecular  dialkyldithiophosphate  of  barium)  ?jid  the  well-known 
antioxidant  Ionol. 

Civen  data  once  again  confirm  e.rr  .>ncy  of  application  of  mixed  additives, 
for  instance,  consisting  of  sulfonates  not  possessing  an  antioxidant  action, 
antioxidants  or  ne  type  or  additive  PF. 


•Ed.  Note:  Additive  is  named  for  research  institute  ?sNAT*jM  or  tsiatim  m 
Central  Scientific  Research  Institute  of  Aviation  Fuels  and  Lubricants. 
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Pig.  5.  laflwaace  of  different  technical  additives  cat 
oxidation  of  paraffin-naphthenic  fraction. 

Conditions  of  ©  delation:  temperature  150*;  concen¬ 
tration  of  additives  2f;  concentration  of  diphenylamin 
and  Ionol  O.J%. 

J — paraffin-naphthenic  fraction;  2— low-ash  sulfonate; 

3 — axnll-4;  4— diphenylamin ;  5 — vnii  np-350;  6--FT?S_a; 

7— alkylphenolate;  ft— tsiatiirv-339;  9 — TP-22k;  10 — vnii 
np-36l;  11 — vnii  np-360;  12 — Paranox  564;  13 — DF-1;  14— 

Ionol.  - 

I£T:  (a)  ¥61  we  of  absorbed  oxygen,  cnP/100  g  butyric 

fraction;  (b)  Time,  minutes. 

Influence  of  Chemical  Cor  position  of  Fractions  Separated  from  Oil. 
on  their  Oxidation  in  the  Presence  of  Additive  DF-1 


is  was  said  above,  oil  DS-8  was  divided  into  fractions:  paraffin-naphthenic 
hydrocarbons,  foonocyelic  aromatic  hydrocarbons  containing  sulfarous  compounds,  and 
ttcpiiic  aromatic  hydrocarbons  containing  sulfurous  compounds.  From  fractions  of 
aromatic  hydrocarbons  sulfurous  compounds  were  removed  by  oxidation  fay  hydrogen 
peroxide  and  subsequent  yield  of  sulfoxides  formed  by  adsorption  on  silica  gel. 

In  Fig.  6  it  is  clear  that  monocyclic  hydrocarbons,  separated  from  oil  and 
not  containing  sulflnvms  compounds,  are  unstable  the  same  way  as  paraffin-naphthenic 
hydrocarbons. 

Significantly  stabler  are  blcjclic  hydrocarbons.  Sul  fumes  compounds, 
o— tainad  in  fraction  of  monocyclic  aromatic  hydrocarbons,  sharply  increase 
stability  of  this  fraction,  nearing  it  in  this  respect  to  the  ability  of  the 
«mJL  itself.  The  high  stability  of  oil  T*S-8,  consequently,  is  explained  by  content 
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la  it  of  certain  arocatic  fractions  and,  especially,  sulforous  compounds,  which 
are  natural  antioxidants  with  respect  to  unstable  hydrocarbons  of  oil. 

Hie  antioxidant  action  of  certain  sulfurous  compounds  of  oil,  and  also 
individual  organic  compounds  of  sulfur  was  noted  in  literature  [8,  9*  p.  266]. 

Ann  given  data  it  is  also  clear  that  presence  in  oil  DS-8  of  natural  anti- 
oxidants  paralyzes  action  of  synthetic  additive  —  antioxidant  PF-1.  If  additive 
DP-1  la  an  active  antioxidant  in  regard  to  paraffin-naphthenic  hydrocarbons  and 
monocyclic  hydrocarbons  of  oil  not  containing  sulforous  compounds,  then  the  same 
additive  does  not  render  antioxidant  action  on  monocyclic  and  bicycllc  hydrocarbons 
containing  sulfurous  compounds.  The  speed  of  oxidation  of  fraction  of  monocyclic 
hydrocarbons  containing  sulfurous  compounds,  the  same  as  oil  DS-8  itself,  in 
presence  of  additive  DF-1  even  increases  somewhat. 


Fig.  6.  Influence  of  chemical  composition  of  fractions 
separated  from  oil  DS-8,  on  their  oxidation  in  the 
presence  of  additive  DF-1. 

Conditions  of  oxidation:  temperature  150*;  concen¬ 
tration  of  additive  DF-1  2%, 

I—  ■paraffin-naphthenic  hydrocarbons;  2— monocyclic  aromatic 
hydrocarbons;  3 — monocyclic  aromatic  hydrocarbons  containing 
sulfur;  L — bicycllc  aromatic  hydrocarbons  containing  sulfur; 

5— bicyclic  aromatic  hydrocarbons;  6— D6-8;  7 — paraffin- 
napnthenic  hydrocarbons  +  DF-1;  8— monocyclic  aromatic  hydro¬ 
carbons  +  DF-1;  9— bicycllc  aromatic  hydrocarbons  +  DF-1; 

10— monocyclic  aromatic  hydrocarbons  containing  sulfur  +  DF-1; 

II —  bicycllc  aromatic  hydrocarbons  containing  sulfur  +  DF-1; 

12—  DS-8  +  DF-1. 

KKI:  (a)  Voltmse  of  absorbed  oxygen,  ca^/100  g  butyric  fraction; 
(b)  Time,  minutes. 
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.Obtained  data  about  influence  of  chemical  composition  of  hydrocarbons 
fractions  on  their  oxidizability  in  the  presence  of  antioxidant  DF-1,  naturally, 
provide  a  basis  for  the  following  question;  can  additives  of  this  type  be  anti- 
oxidants  of  lubricating  oils  in  actual  conditions  of  their  use.  In  connection 
with  this  question,  first  of  all  it  is  necessary  -to  consider  data  about  catalytic 
action  of  metals  on  oxidation  of  hydrocarbons.  Our  earlier  examples  of  antioxidant 
action  of  metals  alkyldithiophosphates  on  different  oils  (determination  of  therr.o- 
oxidizlng  stability,  accumulation  of  tarry  and  acid  products  in  process  of  test 
on  motor  PZV)  pertain  to  experiments  in  which  oil  was  in  contact  with  metals.  The 
very  same  occurs  also  in  actual  conditions  of  using  the  oils. 

Influence  of  Metals  and  their  Oxides  on  Oxidation 
of  Oil  in  Presence  of  Additive  DF-1 

In  Pig.  7  is  given  the  dependence  of  speed  of  oxidation  (asorption  of  oxygen) 
on  time  for  oil  DS-8  in  the  presence  of  metals  —  copper  and  iron,  and  also  oxide 
or  copper.  Reduced  metals  —  copper  and  iron  and  oxide  of  copper  were  applied  in 
a  powdery  form. 

Oil  US-8  in  presence  of  metals  or  oxides  becomes  weakly  stable  and  with  a 
large  content  of  metal  (Cu,  5%  of  weight  of  oil;  l:l)  practically  absolutely 
unstable  (see  Fig.  7).  Consequently,  metals  in  these  conditions  are  strong 
catalysts  of  oxidation  of  hydrocarbons  and  absolutely  paralyze  action  of  natural 
inhibitors  of  oil  (sulfurcus  compounds). 

Additive  PF-1  in  presence  of  metals  and  oxides  increases  stability  of  oil 
DS-flt,  In  this  or  that  measure  nearing  it  to  the  stability  of  oil  in  the  absence 
of  metals  and  oxides.  Additive  DF-1,  as  a  surface-active  material,  apparently 
Is  adsorbed  onto  the  metallic  surface  and  passivates  this  surface,  rendering  thus 
am  indirect  positive  influence  on  stability  of  oil.  Passivation  of  metals  was 
motod  In  literature  in  connection  with  investigation  of  mechanism  of  action  of 
anticorrosive  additives  [9]. 


FI*.  7.  Influence  of  metals  (copper  and  iron}  and  their 
oxides  (oxide  of  copper)  on  oxidation  of  oil  DS-8  in  the 
presence  of  addition  DF-1. 

Condition  of  oxidation:  temperature  150*;  concen¬ 
tration  of  additive  DF-1  2t. 

l—DS— 3;  2 — DS-8  +  Cu  (l:l);  3 — fS-fl  ♦  Cu;  4 — DS-8  ♦  Fe; 
5— OS-3  +  CuO;  6— DS-8  ♦  DF-1;  7— DS-8  +  Cu  +  DF-l;  8— 
DS-8  ♦  Fte  *  DF-8  +  Fe;  9—  DS-8  ♦  CuO  ♦  DF-1. 

KEY:  (a)  Volume  of  absorbed  oxygen,  crr/lOO  g  butyric 
fraction;  (b)  Time,  minutes. 


At  present  it  is  not  possible  to  resolve  whether  the  action  of  alkyl dithlo— 
phosphates  in  the  conditions  we  considered  leads  only  to  passivation  of  metal*. 
This  question  mill  be  subjected  to  still  farther  stuay. 

Independently  of  character  of  action  cf  additives  of  the  type  dialkyl— 

! 

|  dithic  .  osphates  of  metals  in  conditions  of  use  under  increased  temperatures  <mi 

1 

contact  with  metals  these  .additions  will  increase  stability  of  lubricating  oils. 

f 

|  Conclusions 

1.  Antioxidant  action  of  metal  d Lalky  1  d i thio phosphates  depends  on  their 
s.ructure.  Dialkyldithlophosphates  containing  secondary  hydrocarbon  radicals, 
are  more  active  than  dialky  Id  ithlophosphates  containing  primary  hydrocarboa 
radicals.  The  strangest  .antioxidant  turned  out  to  be  additive  DF-1. 

■i 

2.  Dialkylditbiophosphates  possess  the  greatest  activity  at  temperatures 
not  exceeding  150*.  At  a  significant  increase  of  temperature  of  oxidation,  n  '  lea 
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of  additives  as  antioxidants  weakens,  apparently,  due  to  thermal  decomposition 
of  additives. 

3.  Additives  of  the  sulfonates  type  only  in  insignificant  degree  affect 
oxidation  of  oils.  little  active  are  also  additives  of  the  alkyl phenolates  type. 
Significantly  more  active  are  additives  of  the  alkyl pheno late  type  containing 
sulfur  or  phosphorus  in  the  form  of  sulfide  or  dithiophosphates.  The  most  active 
antioxidants  in  assured  conditions  were  additives  PF-1  and  Ionol. 

4.  The  investigated  oil  (DS-8)  contains  natural  inhibitors  -  certain 
aromatic  hydro  carbons  and  sulfurous  compounds,  in  the  presence  of  which  additive 
DP-1  does  not  delay  process  of  oxidation  of  hydrocarbons  of  oil. 

5.  Meals  and  their  oxides  are  catalysts  of  oxidation  of  hydrocarbons  of  oil. 
In  the  presence  of  metals  natural  inhibitors  are  insufficiently  active,  and  oil 
becomes  unstable. 

Metal  dialkvlditniophocphates  (DF-l)  passivate  metals  and  correspondingly 
increase  stability  of  hydro carV ■  *3  of  oil  with  respect  to  oxidation  by  atmospheric 
oxygen . 
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SYKTHESIS  OP  DEH  ANTIOXIDANT  ADDITIVES  TYPE 
OF  SHIELDED  PHENOLS 

V.  I.  Isagulyants  and  N.  A.  Facorskaya 
HI’IKh  i  CP* 

For  stabilization  of  power  engineering  oils  and  notor  fuels  at  present  in 
the  USSR  two  additives  are  use:  n-oxydiphenylamine  and  Iorol- 

In  distinction  fiw.  Ion-.:  1 ,  n-oxydiphenylanine  is  not  very  acceptable  in  view 
of  bad  solubility  in  oil  products. 

Tbe  most  long-ienn  antioxidant  additive  at  present  is  the  additive  Ionol 
(2.6-di-tcrt-butyl-i-^rethylpheno]  ),  the  production  of  %Aiich  will  be  carried  out 
in  the  next  few  years. 

According  to  the  assumed  technology  of  the  process  of  production  of  Ionol* 
s&snltaneouslj  with  its  obtaining  will  be  forced  around  50f  byproducts,  constituting 
derivatives  of  m-cresol,  which  as  yet  has  not  found  an  efficient  use.  The  problem 
of  present  investigation  to  develop  synthesis  of  new  additives  on  the  basis  of 
uso  of  these  byproducts. 

Synthesis  of  new  antioxidant  additives  is  combined  with  development  of 
production  of  insulating  oils  and  motor  fuels.  The  effectiveness  of  the  action 

vRoscow  Order  of  Tabor  of  the  Red  Banner  Institute  of  the  Petroletn  Chemical 
sod  Gas  Industry  named  for  Academician  I.  V .  Gubkin. 

m 
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of  different  antioxidant  additives  in  certain  degree  can  be  Judged  by  antioxidant 
properties  of  different  alkylphenolateo,  entering  in  the  composition  of  one  or 
anetJNv  additive. 

In  the  node  of  Nixon  and  others  flj  is  given  a  table  of  antioxidant  effec¬ 
tiveness  of  different  aUqrlphenolates.  The  table  is  composed  not  only  on  the 
basis  of  the  work  of  the  authors  theaselves ,  but  also  on  other  works  published 
in  liteanture  (2]«  The  value  of  effectiveness  was  determined  on  the  basis  of 
Induction  periods  (at  100*  with  excess  pressure  of  oxygen  7  kg/cn  )  and  speed  of 
Agnation  of  acids  in  turbine  oil . 

In  Table  1  is  given  antioxidant  effectiveness  of  certain  allcylphenols ,  having 
a  large  value  for  synthesis  of  a  number  of  additives.  The  most  effective  are 
Adelded  trlalkylphenols ,  as,  for  instance,  Xonol  (standard  addition). 

If  one  were  to  Judge  by  the  induction  period,  then  still  nore  effective 
AWnilrl  be  trlalkylphenol,  for  whicn  in  position  2  and  4  stand  nethyl  groups  and 
In  position  6  tertiary-butyl  group.  It  was  established  that  induction  period  of 
tMs  aUylpbenol  is  higher  Uum  that  of  Ioool;  however,  with  respect  to  speed  of 
tarnation  of  acids  in  turbine  oil  Ioool  is  almost  2  tines  faster.  It  is  possible 
to  improve  properties  of  this  trlalkylphenol  by  synthesis  of  a  biphenol  coupo«s>d 
of  the  following  structure: 


Oil  Oil 


L«.,  2j2*«owthyleoe-bis  (6-tert-btyi  4  ewtlyl  phenol),  Which  it  is  possible 
to  nenoider  as  a  compound  of  two  aoleculeo  of  2.4-dim*thyl-^-t*rt-bntylpbenol, 


t>  ...  '>  ...  X  '  *f  't* 


Table  1.  Effectiveness  of  Allgrlphenols  as  Antioxidants 
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In  the  work  cf  Kikeska  and  others  [33  for  stabilisation  of  lubricating  oils 

■ulfhr-containir.c-  additives  of  the  following  type  were  used: 

on  oir 

i  l 

-s  ait- 


fr- -Q-~(r*v 


'V'  ^ 

mnti  others  with  a  Large  quantity  of  rings  connected  with  different  sul Air-containing 


coo  pound 3. 


15<? 

150 


from  given  literary  material  the  following  conclusions  can  be  made. 

1.  Alkylphenol  additives  with  methylene  cross-links  possess  a  higher 
antioxidant  effectiveness  than  alkyl  phenols. 

2.  Alkylphenol  additives  containing  sulfur  in  the  form  of  sulfide  and 
disalfides,  and  other  sul fUr-containlng  additives  are  also  effective  antioxidants. 

The  obtained  and  investigated  certain  additives  constituting  bis-phenols 
•ad  disulfides  of  bis-phenols. 

Synthesis  of  additives  constituting  bis-phenols,  consists  of  two  basic  stages. 

1*  Alkylation  of  phenols  by  olefins  in  the  presence  of  different  catalysts. 

2.  Condensation  of  alky!  phenols  with  formaldehyde  in  the  presence  of 
hydrochloric  acid. 

A.  Synthesis  of  Additive  2. 2  Methylene- ft  Is  (t>-Tert- 
Butyl-4-Pe*  hyl  rheonlT  on  a  Rase  of  n-Cr*»sol 

Flr3t  Stare 

Alkylation  of  n-cresol  by  isobutylene  (in  presence  of  cationite  KU-2) 

on  on 

"  /  ^  / 

A*,  CTT, 

Description  of  Reaction  ef  Alkylation 

In  reactor,  supplied  by  a  reflux  condensor,  a  gas  inlet  tube,  hermetically 
iled  mixer,  a ad  a  therooreter,  is  placed  &2  g  crystal  n -ere sol  (0.2  mole)  and 
72  g  cationite  rn-2  (37C  on  r--’-esol). 

Into  the  reaction  mixture  cheated  to  70-00*,  is  passed  isobutylene  for  4  hours. 
EM  of  the  reart  lot.  is  established  accord  ins  to  the  increase  in  weight  of  the 
Isobutylene,  which  jhould  be  hixner  than  theoretical  by  several  percent.  Yield 
of  alkylate  constituted  95.5  r. 


The  obtained  alkylate  was  subjected  to  fractionation  in  vacuum  a  -  20  «ss  Hg 


(Table  2). 


* 

Table  2.  Results  of  Fractionation  of  Alkylate 


Yield  of  alkylphenols  was  significantly  increased,  when  in  the  reaction  of 
alkylation  wore  cationite  (?0*  on  n-cresol)  was  taken.  Degree  of  purity  of 
2-tert-buty!-4-«ethylphenol  v~*s  determined  with  respect  to  content  of  hydroxyl 
groups  (theoretical  content  10.35<  OH).  The  found  percent  of  hydroxyl  groups 
was  near  the  theoretical  value  and  constituted  10. 8£.  Such  a  purity  of  the 
product  is  ensured  by  application  of  cationite  KT1— 2  as  catalyst ,  at  which  side 
reactions  and  polyalkylation  are  excluded. 


Second  Stage 


Condensation  of  2-tert-butrl-A-methyl phenol  with  formaldehyde 
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Description  of  Reaction  of  Condensation 


In  a  retort,  supplied  by  a  reflux  condenser,  mixer,  thermometer  aid  liquid-drop 
itomel,  is  placed  32.8  g  of  2-tert-butyl-4-methyl phenol  (0.2  mole)  and  6.7  g 
concentrated  hydrochloric  acid  of  specific  gravity  1.19  (near  20<  on  alkyl  phenol). 

To  reaction  mixture,  heated  on  water  bath  to  50-70®,  while  being  mixed  from 
the  liquid-drop  funnel  is  poured  7.5  g  (0.1  sole)  formaldehyde  in  the  form  of  a 
hOf  aqueous  solution.  The  reaction  took  place  with  evolution  of  heat  up  to  90*. 
Heating  during  mixing  was  done  for  2  hours  on  a  boiling  water  bath;  toward  the 
end  of  the  reaction  the  temperature  of  the  reaction  mixture  was  raised  to  100-105® 
and  heating  with  this  t  -ryer-itu re  continued  for  30  minutes  longer.  Tne  obtained 
white  hard  crystal  r^s  was  liberated  from  the  acid  catalyst  by  a  solution  of 
calcinated  soda.  After  extraction  of  the  additive  by  a  gasoline  "Galosha",  the 
solution  was  poured  into  a  dividing  funnel.  The  aqueous  layer  was  separated. 

Upper  gasoline  lave-  was  left  for  crystallization.  The  separated  crystals 
constituted  additive  2.2' -me thylene-bis  (6-tert-butyl-rethyl  phenol).  The  yield 
constituted  26  g,  or  T7^  of  the  theoretical. 

The  additive  had  a  melting  point  of  130-131®.  The  obtained  molecular  weight 
(322)  vaa  near  to  theoretical  (340).  Quantity  of  hydroxyl  groups  was  equal  to 
ID. 6%  (instead  of  lCf  theoretical)  wh  n  indicated  a  sufficient  degree  of  purity 
of  product. 

Period  of  stability  of  additive  2. 2* -methylene 'bis  (6-tert-butyl-4-methylFhenol) 
.as  somewhat  higher  than  standard  (Table  3). 

It  was  established  that  bis- phenol,  constituting  dialkylphenol  (2-tert-butyl- 
(►-methy^ehenol',  connected  t.  <1  methylene  cross-link,  had  »  higher  antioxidant 
effectiveness  th^n  initial  dLalkylphenol.  These  data  served  as  a  basis  for 
synthesis  of  an  additive  of  such  type  from  4. 6-di-tert-butyl-3-oethyl phenol.  The 
last  one  is  obtained  significant  quantities  as  by-product  in  obtaining  Tonol;  use 
of  it  as  rav  material  for  obtaining  a  new  antioxidant  additive  ie  desirable. 

1  r.-'i 
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Table  3*  Test  of  Antioxidant  Effectiveness  of  Additives  on 
Ethylated  Gasoline  B-70  According  to  All-Union 
Government  Standard  6667-56 


Bo. 

sample 

Additive 

Concentration 
of  additive, 

% 

Period  of 

stability, 

hours 

1 

4  ml  TES  (brand  1-TS) . 

2 

2 

2.2'Hmethylene-bis  (6- 
tert-butyl-4-eethyl- 
phenol) 

0.05 

40 

3 

Ionol  (standard).. . . 

0.05 

38 

B.  Synthesis  of  Additive  2.2(yethylene-Bis  (4.6-di-tert-Futyl-3- 
Methylrhenol )  on  a  Base  of  Pi ere so Is  Containing  60.7^  a-Cresol 


Plrrt  Stage 


Alkylation  of  dicresols  by  isobutylene  in  presence  of  cationite  KU-1 


Description  of  Process  of  Alkylation 


* 


In  reactor  is  placed  235.5  g  dicresols  and  90.0  g  cationite  KU-1  (38!?  on 
dicresols). 

In  reaction  mixture,  heated  to  70-80*,  during  energetic  mixing  isobutylene 
is  passed  for  19  hours,  up  to  an  increase  of  weight  of  reaction  mixture  by  246.0  g. 
Then  alkylate  is  poured  from  settled  catalyst  by  decantation.  The  cationite  is 
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washed  freer  the  residue  of  alkylate  by  an  equal  volur.e  of  gasoline  during  Mixing 
sad  heating  on  a  water  bath.  After  cooling  the  cationite  is  filtered  from  gasoline 
solution  on  a  Buecfaaer  funnel.  The  reminder  of  alkylate  after  distillate  of 
gasoline  is  combined  with  the  main  mass  of  alkylate.  Ionol  was  separated  from 
alkylate  by  extraction  by  a  methane  1-alkali  solution  of  alkylate  in  the  following 
maimer. 

A  Claisen  solution  (400  ru)  is  mixed  with  alkylate  and  twice  extracted  by 
600  ml  cisnene.  The  combined  extracts  are  washed  by  a  fresh  Claisen  solution 
(500  nl),  after  which  the  extract  is  distilled  in  a  vacuum  with  selection  of  three 
fractions. 


Fraction,? . . . . 

1 

2 

3 

Bollirg  range  cf  fractions,  °C. 
Pressure,  rr.  Hr . 

Up  to 
50- 

120 

-50 

144 — 160 
.0 

loO — 1?0 

20 

The  second  friction  crystallized  while  it  stood.  The  obtained  crystals  were 
filtered  on  a  Buechner  funnel.  Yield  of  Ionol  constituted  43-0  g»  or  ^5.6/  on 
n-cresol  contained  in  raw  material. 

4. 6-di-ter t-butyl -3-^— thy' :  he no  1  was  separated  from  cethanolbutakaline 
solution -by  20*5  hydrochloric  acid  (■'  „  Mixture  alkylcresols  was  washed  by  a 

weak  solution  of  bicarbonate  until  there  was  no  longer  an  acid  reaction  of  the 
washing  waters .  The  obtained  mixture  cf  alkylcresois  vis  fractionated  in  a 
Vwsunr.  with  selection  of  three  fractions.  As  a  result  of  two  ci- . :  1'. it  ions  a 
action  was  separated  whi-f.  *rystallized  while  it  stood.  Filtered  on  Buechner 
funnel,  crystals  of  a  light  y  low  ^olor  melted  at  59-60°-  Yield  of  4.6-di-tert- 
buty l-3~oe thy  I _  r  nol  constituted  68.0  g,  or  505?  on  m--cresol  contained  in  raw 


material 


Second  Stage 


Condensation  of  4.6-di-tert-butyl-3-nethylphenol  with  formaldehyde 
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Description  of  Reaction  of  Condensation 


In  a  retort  tc.  condensation  is  placed  14.0  g  4 . 6-di-tert-butyl-3-methylphenol 
(0.06  sole)  and  2.8  g  hydrochloric  acid  of  specific  gravity  1.19. 

Curing  mixture,  to  the  reaction  mixture  heated  to  70°,  they  added  2.2  g 
(0.03  mole)  formaldehyde  in  the  form  of  a  UO%  solution. 

The  reaction  took  place  with  little  evolution  of  heat.  As  a  result  14.0  g 
syrupy  liquid  of  dark-red  color  is  obtained.  While  standing,  this  liquid 
crystallized.  After  recrystallization  from  xylene  are  obtained  colorless  big 
prisms  of  a  substance  having  a  melting  point  of  203.5-204.5®  and  a  molecular 
weight  of  449  (theoretical  452). 

The  yield  constituted  8.0  g  and  from  the  mother  liquor  was  separated  3*7  g. 

In  all  11.7  g  is  obtained,  or  8l£  of  the  theoretical  value. 


C.  Obtaining  Antioxidant  Additive  of  the  Disulfide  of  Bls-Phenol— 
Disulfide-(4.o-Di-Tert-Rutyl-3-?-.ethvlphenoI)  Type 


The  initial  product  for  synthesis  of  additive  4 . 6-di-tert-butyl-3-rcethyl phenol 
is  a  by-product  during  production  of  Ionol. 

Disulfide-4. 6-di-tert-butyl-3-methyl phenol  was  obtained  in  a  single-stage 


process  according  to  the  following  diagram: 
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Description  of  Process  of  Sulfurization 

In  a  three-necked  retort,  supplied  by  mixer,  liquid-drop  funnel,  and  reflux 
condenser  with  a  funnel  joined  to  it  and  a  reflux  condenser  with  a  phial  connected 
to  it  for  absorption  of  gasiform  hydrogen  chloride,  is  placed  9.0  g  4.6-di-tert- 
butyl-3-methyl phenol  and  20.0  g  benzene. 

The  retort  is  heated  on  a  water  bath  to  40-50°  and  from  the  liquid-drop 
funnel  chlorous  sulfur  is  slowly  added  by  drops;  then  the  contents  of  the  retort 
are’ energetically  mixed.  Temperature  of  water  bath  is  gradually  increased  to  60°. 
Upon  completion  of  addition  of  chlorous  sulfur  the  reaction  mixture  is  heated  on 
boiling  water  bath  30  minutes  and  then  cooled.  In  the  dividing  funnel  the  cooled 
reaction  mixture  is  washed  from  the  gaseous  hydrogen  chloride  by  a  solu*  .n  of 
bicarbonate  until  there  is  no  acid  reaction  of  the  washing  waters.  After  distilla¬ 
tion  of  solvent  a  dark-brown,  very  viscous  liquid  was  obtained.  Yield  of  disulfide- 
4 . 6-di-tert-butyl -3-methyl phenol  constituted  8  g,  or  89#  on  initial  trialkyl phenol . 
Content  of  sulfur  in  additive  was  equal  to  13. 1%  (theoretical  12.7%). 

Effectiveness  of  obtained  antioxidant  additives  of  the  shielded  phenols  type 
is  given  in  Tables  4  and  3  * 

From  Table  4  it  is  clear  that  the  disulfide  additive,  obtained  from  4.6-di- 
tert-butyl-3-nethyl phenol ,  is  a  satisfactory  antioxidant  for  transformer  oil;  it 
somewhat  yields  in  effectiveness  to  Ionol. 

From  Table  5  it  is  clear  that  disulfide  additive,  obtained  from  4.6-di-tert- 
butyl-3-nethyl phenol,  i3  a  good  antioxidant  for  gasoline  containing  unsaturated 
hydrocarbons.  In  effectiveness  it  is  equivalent  to  Ionol  2. 2f -methyl ene-bis  (4.6- 
di-tert-butyl-3-methylphenol)  is  also  a  good  antioxidant  additive  for  gasoline 
containing  ur.saturated  hydrocarbons;  but  it  yields  somewhat  to  Ionol  in  its 


effectiveness. 


Table  4.  Effectiveness  of  Antioxidant  Additives  of  the  Shielded 

Phenols  Type 


Sample 

Structural  formula  of 
additive 

Concentration 
of  additive,  % 
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3-nethylphenol 

'  / 

c,i‘. 

c,!4 

'  | 

Eastern  oil  + 

oil 

1 

oil 

2.2* -methylene- 

1  \  -C||._ 

\ 

bis  (4.0-di- 

C.3 

0.7S* 

0.09 

0.034 

0.10 

tert-butyl-3- 

j  -<  11 11  r.- 

0X9 

methylphenol  j 

1 

1  lit 

1  ''I1*. 

■ 

i 

i 

I 

t 

Oil 

1 

; 

i 

! 

; 

Eastern  oil  + 

! 

1 

« 

2.6-di-t.ert- 

IIP  _ 

'V* 

1 

0.2 

0.028 

‘Cone 

0.01 

0.014 

butyl-4-nethyl- 

1  ; 

t 

! 

phenol- (Ionol) 

/ 

! 

! 

Ul, 

I 

i 

Table  5-  Effictirensss  of  Antioxidant  Additives  of  the  Shielded 

Phenols*  Type 


•Tests  of  effectiveness  of  additives  are  carried  out  in  laboratories  of 
professor  H.  I.  Ivanov  and  Or.  of  tech,  sciences  I.  V.  Bozhkov. 

Conclusions 


1.  2.2* aeutf tylene-bls  (  6- 1  e rt-butyl-4-ee thyl phenol )  as  an  antioxidant 
additive  (O.Gc r)  to  ethylated  gasoline  in  effectiveness  exceeds  the  well-known 
additive  Ioosl. 

2,  PissLflie-4.^-di-ter*—  but jl-3-n- thy  1  phenol  as  an  antioxidant  additive 
(0.005?)  to  ajntAaol,  evaporating  within  Units  of  t«nperatures  150-220*  and 


containing  8*  unsaturated  hydrocarbons  is  very  effective;  it  is  equivalent  to 
Ionol. 

This  additih,  tested  in  transforaer  oil,  in  its  effectiveness  approximates 
Ionol. 

3*  2.2  *me thylen  -bi*  (4 . 6-di-tert-butyl-3-e»ethylphenoi )  as  an  antioxidant 
additive  (0.0055?)  to  synthol,  is  sufficiently  effective  even  in  — »,|'t  'rr—n- 
traticn;  the  additive  approxivates  Ionol  in  effectiveness .  Tested  in  transforaer 
oil,  the  additive  in  a  J%  concentration  gave  negative  results. 

4.  Developed  netheds  of  obtaining  two  additives:  2.2*  nethylene-bis  (4.6- 
di-tert-butyl-3-nethylphenol)  and  dliralflde-4.6-di-tert-tratyl-3-aartItylphenol  allow 
use  of  ly-product  during  production  of  Ionol,  Le(|  4.6-di-tert-botyl«3-Mthylpl»enol, 
which  up  to  now  is  an  unused  waste. 
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SYNTHESIS  AND  INVESTIGATION  OP  ANTIOXIDIZING  'DDITIVEL  POR 
POWER  OSGINELRING  AND  OTHER  OILS 


A.  y.  Kuliyev,  G.  A.  Zeynalova, 
and  A.  B.  Abd inova 
INKhP  AN* 


I  To  obtain  antioxldizing  additives,  a  number  of  nitrogen-,  hydroxyl-,  and 

|  phosphorous— containing  cor. pounds  were  synthesized. 

1  Nitrogen-  and  hydroxyl-containing  compounds  were  synthesized  on  a  base  of 

I 

I  urea,  by  direct  reaction  of  urea  with  olefins  and  Joint  condensation  of  alkyl - 
]  phenols  and  urea  with  formaldehyde. 

j  Tertiary  alkyl-derivative  ureas  were  ot  tained  by  reaction  of  urea  with  olefins 

In  the  presence  of  sulfuric  acid  as  a  catalyst. 

Daring  alkylation  of  urea  of  olefins  are  obtained  mono-  and  dialkyl-derivative 


areas: 


ai, 

II JC,  ! 

-C.-C1C, HiosiHOif  -►  c-oso/m 

i  \f/  ufi' 

a*.  at. 

«A  '  i«*Xv  i«.«:.  i 

>-  osOjOii  i  Nt  o  -  *  ;<:-xirt>Mi.  ;  iuso. 
H,<:  '  ii,c  " 


i 

)  As  the  primary  olefins  were  taken  lsobulylene,  azyanetric  mathflethyl 

i 

|  ethylene,  triaethyl  ethylene,  butylenes,  and  isopropyl  ethylene.  It  was  established 

I 

■  that  area  is  not  alkylated  by  secondary  olefins. 


•Institute  of  Petrochemical  Processes  of  the  Academy  of  Sciences  Azerb.  S5R. 


During  alkylation  of  urea  by  asyneetrlc  methylethyl  ethylene  and  trinethyl 
ethylene  the  eery  ss—  reaction  product!  were  obtained. 

The  following  tertiary  alky  1-derivat ire  ureas  were  obtained:  nono-tert- 
hnfcrl-  .d  1- tort-butyl- .  and  amyl  urea. 

Tertiary  alkyl-derivative  ureas  arc  white  circular  crystals  with  a  high 
■siting  point.  Physico-chemical  constants  of  synthesised  tertiary  alkylated  ureas 
are  presented  in  Table  1* 

To  establish  the  structures  of  the  obtained  compounds  their  hydrolysis  was 
carried  out  in  an  alkali—  and  las  in  the  presence  of  a  nonoethyl  ester  of  ethylene 
glytol: 

fCUj/V  NISOMl,  i  2NjOII  -»  (Ml JJ.  Xll,+X»/  O,  {  XII, 

gigyc  msjuxii  C(«jij,{  z\*oii  -►  2(uij/  -  mi,  :  x»^ o. 

During  hydrolysis  of  dialkyl-derivative  ureas  monoamyls  were  also  obtained, 
Which  indicates  that  the  tertiary  dialkyl-derivative  ureas  which  we  synthesised,  are 
CP—s trleal.  The  physio-chemical  constants  of  the  obtained  alkylaaines  are  presented 
in  Table  2. 

Tertiary  alkyl-derivative  ureas  are  poorly  soluble  in  oils,  therefore, they 
cannot  be  used  as  antl-oxidising  additives. 

Since  the  synthesis  of  tertiary  alkyl-derivative  does  not  present  particular 
difficulties ,  their  hydrolysis  can  fully  be  used  to  obtain  tertiary  alkyl  amines. 

Us  carried  out  the  joint  condensation  of  alkyl  phenols  and  urea  with  formalde¬ 
hyde  in  a  weak  acid  nedl—  at  a  temperature  cf  96-98*.  For  this  there  were  synthesised 
alfcjrlpfcenols  with  different  length  of  side  chain,  different  degree  of  branching,  and 
dffWreot  arrangement  of  side  chain. 

There  were  obtained  alkyl  phenols  with  aide  chains  C3,  C^,  C^,  C^,  C7,  Cg, 

S*  ***  C16* 

he  obtained  alkylphenols  by  reaction  of  phenol  with  corresponding  alcohols 
in  the  presence  of  cone  set  rated  sulfuric  acid.  Cetylphenol  was  obtained  by 
dhy la t ion  of  phenol  by  cetyl  chloride  in  the  presence  of  aluminum  chloride. 


T*bl*  1.  Phjr«lco-Ch«mlo4l  Constants  of  Tsrtlsrjr  Alkjrl-Dspivsd  Uro *s 


4J 


The  condensation  reaction  of  alkylphenola  and  urea  with  formaldehyde  takes 
place  according  to  the  probable  diagram: 


,mi-  aum 


u>  4  2a  v>  —  to 


\Kii-ai,on 


on  ^  1 

f  jcii-ai,-^  ^-OII 

/m~au«i  .  .  „  v  '  43iio 

*  2\  '  Mi-CKt-{  ^-Oll 

xwi-m.nii  V  ( 

3* 

The  synthesised  products  of  the  condensation  were  tested  as  ant ioxld icing 
additives.  Stability  against  oxidation  was  determined  by  the  VTI  [F.  Dzerzhinskiy 
'll -Union  Heat  tfegimeerlng  Institute]  method. 

Commercial  transformer  oil  was  used  as  primary  oil.  As  a  result  of  investi¬ 
gation,  It  was  established  that  the  products  of  condensation  of  tertiary  alkylphenola 
are  moire  effective  antioxidants  than  the  products  of  condensation  of  secondary 
alkylphenols  (Table  3)« 

Among  the  prodoc ts  of  condensation  of  tert^alkyl phenols .  the  antioxidizing 
properties  improve  with  increase  of  molecular  weight  of  the  product.  The  nost 
effective  product  of  condensation  is  para-tert-oc tyl  phenol .  Upon  addition  of  this 
product  of  condensation  to  transformer  oil,  the  acid  number  of  the  oil  after  oxidation 
decreases  front  0.24  bo  0.030  mg  KOH. 

Subsequently  the  products  of  condensation  were  synthesized  using  an  alkyl- 
phenol  produced  by  the  chemical  industry  and  an  alkyl  phenol  obtained  by  alkylation 
of  phenol  in  a  100-190*  fraction  of  thermal  cracking;  the  approximate  structural 
formula  of  the  synthesized  compounds  is 

Oil 

l__ 

XH-CII,-*  * 

/  ^  < 

T*  01!  * 

\  •  »  -  . 

Ml— til  r  £  . 

I 

R 
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Table  3-  Results  of  Tests  of  Froduets  of  Condensation 
of  Alkyl  phenols  and  Urea  with  Formaldehyde 


Additive 

si 

4)  4> 

ii 

Characteristics  of 
transformer  oil. 
oxidized  according 
to  PTI  method 

•  cE 

•  «l  o 

*»  N 

<*  •  C 

*»  H  • 

•»<  H  ♦> 

O  OCM 

u 

e 

t5 

Product  of  condensation  of  para- isopropyl 

0.05 

0.016 

0.06 

phenol 

0.1 

0.012 

0.05 

0.3 

0.028 

0.06 

Product  of  condensation  of  para-tert-butyl 

0,05 

0.044 

0.1 

phenol 

0.1 

0.024 

0.09 

0.3 

0.044 

0.09 

Product  of  condensation  of  para-tert  aoyl 

0.05 

0.044 

0.08 

phenol 

0.1 

0.021 

C.05 

0.3 

0.062 

0.06 

Product  of  condensation  of: 

para-sec-fcutyl  phenol 

C.l 

C.036 

0.06 

sec-hexyl  phenol 

0.1 

0.07 

0.1 

sec-octyl  phenol 

(fraction  II) 

0.1 

0.027 

0.17 

sec-octylphenol 

(fraction  III) 

0.1 

0.076 

0.1 

Dara-tert-octylphenol 

0.1 

0.015 

0.03 

nonyl  phenol 

0.1 

0.022 

0.12 

cec-jl  phenol 

0.1 

0.056 

0.17 

Vithout  additive 

1 

i 

0.0 

1 

1 

i 

0.07 

0.24 

Data  on  the  analysis  of  these  products  of  condensation,  eallei  additive 
-11*  is  presented  in  Table  4- 

In  Table  5,  6V  and  7  are  data  on  the  tested  additive  sxnii-Xl  in  a  mixture 
with  transformer  ells  KK-4S  and  KK-6  at  temperatures  of  130*,  150®,  and  170®.  In 
these  same  tables  are  data  on  the  antloxidizing  activity  of  other  known  additives. 


♦Ed.  Note:  The  additive  is  najeed  for  a  research  institute;  aznii  =  AzNII  - 
Aserbaydzhan  Scientific  Research  Institute. 


Tt»  optimal  quantity  of  additive  amii-11  which  effectively  acts  on  the 
stability  of  oil  is  0.1*. 

With  the  use  of  additive  aznil-ll,  precipitate  and  acid  nuaber  after 
oxidation  are  lowered  almost  half.  The  additive  possesses  antioxidizing  activity 
equal  to  the  activity  of  the  additives  Ionol  and  para-oxyd i phenylaaine  during 
testing  according  to  1TTI  method  under  standard  oxidation  conditions  at  a  temperature 
of  120*,  it  higher  temperatures  of  oxidation  (150®  and  170®)  amii-11  proved  to  be 


significantly  more  effective  than  Ionol. 

There  is  particular  interest  in  products  of  condensation  of  alkylphenols 
with  certain  derivative  aldehydes.  As  primary  alkyl  phenols  were  taken  para-tert- 
hatyl-,  para-tert-amyl-,  and  para-tert-octyl  phenols,  and  also  alkyl  phenol  obtained 
by  alkylation,  of  phenol  by  unsaturated  hydrocarbons  contained  in  100®-1S0®  fraction 
of  distillate  of  thermally  cracked  paraffin,  and  alkylphenol  produced  by  the  chemical 
industry. 

The  last  two  alkylphenols  of  molecular  weight  200-225  approximately 


correspond  to  the  alkylphenol  which  has  a  radical  in  a  side  chain. 

As  aldehydes  there  were  taken  furfUrol  and  acetaldehyde  amaonia. 


The  reaction  goes  according  to  the  diagram 


>\_i 


is:ai  on 
«  l  / 

HC  C  -<  J§ 

\s  \ 

<*  XII, 


Oil 

1  I  ‘ 

/  in:  _  cu  *•%/ 

4  !  ,  i  .  * 

W  »h 

I 


B 


-  «« 
0  XII, 


411,0 


«•  A  «»• 

ai,-ai  +  |  |  »/:-  ai  4  »/» 

««.  V  A-OII 

Oil 

Analysis  of  condensation  products  is  in  Table  8. 


The  synthesized  compounds  were  tested  as  antioxidizing  additives  to  oil 
IK-8,  turbine  oil,  and  transforeer  oil.  For  comparison  in  these  conditions,  oil 


Table  4.  Results  of  Analysis  of  Additive  aznii-11 


Analysis  of  product  of  conden¬ 
sation 

Product  of  condensation  (additive) 

Molecular 

weight 

Nitrogen 
content,  % 

Content  of 

hydroxyl 

group 

Additive  synthesized  using  alkyl- 
phenol  obtained  by  alkylation 
of  phenol  by  products  of 
thermal  cracking  of  paraffin.... 

501 

3.9 

5.6 

Additive  obtained  using  industrial 
alkylphenol . . . 

500 

3.6 

5.8 

Table  5«  Influence  of  Additive  aznii-11  on  Stability  of  Oils 


Product 

Quantity  of 
precipitate, 

% 

u 

fs 

5“ 

US 

Oil  MK~8 . 

0.052 

0.25 

Oil  ?X-8  vith  additive: 

0.05!?  aznii-11 . . 

0.024 

0.10 

0.1*  aznii-11 . 

0.5*  aznii-11,  synthesized  on  a  base  of 

0.050 

0.15 

industrial  alkylphenol . 

0.1*  aznii-11,  synthesized  on  a  base  of 

0.03A 

0.08 

Industrial  alkylphenol . . 

C.025 

0.09 

Transformer  oil . . . 

0.050 

0.18 

Transformer  oil  with  additive: 

0.05^  aznii-11 . . . 

0.030 

0.07 

0.15?  aznii-11 . . 

0.035 

1 

0.09 

Table  6.  Results  of  Determination  of  Stability  of  Oils 
In  s  Mixture  with  Different  Antioxidizing  Additives 
According  to  the  TTI  Method  at  a  Temperature  of  120® 


Product 

Quantity  of 
precipitate 
# 

Acid 
number, 
mg  KOH 

Oil  MK-8 . 

0.052 

0.25 

Oil  MK-8  with  additive: 

0.05#  Ionol . . 

0.045 

0.52 

0.1#  Ionol . * 

0.036 

0.31 

U.3#  Ionol . 

0.021 

0.06 

0.05#  para-oxydi  phenyl  amine. . 

0.025 

0.06 

0.05#  aznii-11 . 

0.024 

0.10 

Transformer  oil . . . 

0.050 

0.18 

Transformer  oil  with  additive: 

0.05#  Ionol .  .... 

0.054 

0.21 

0.1#  Ionol . 

0.C28 

0.15 

0.03#  Ionol . . 

0.022 

0.04 

0.05#  para-ojqrdiphenylanine . . 

0.031 

0.06 

0.1#  para-oxydiphenylamine. . . 

0.064 

0.47 

0.05#  aznii-11 . 

0.030 

0.07 

Table  7.  Results  cf  Determination  of  Stability  of  Oils 
in  a  Mixture  with  Antioxidizing  Additives  According 
to  VTI  Method  at  Temperatures  of  150®  and  170* 


Product 

Quantity 

of 

precipi¬ 
tate,  # 

Acid 
number, 
mg  KOH 

Temperature  of  oxidation  150°C 

Oil  MK-8 . 

2.40 

3.20 

Oil  KK-8  with  additive: 

0.05#  aznii-11 . 

0.35 

0.65 

0.1#  aznii-11 . 

0.25 

0.45 

0.05#  Ionol . 

0.70 

1.20 

0.  if  Ionol . . . 

1.00 

1.75 

Temperature  of  oxidation  170 #C 

Oil  MK-8. . 

3.20 

4.00 

OU  KK-8  with  additive: 

0.05#  aznii-11 . 

1.50 

2.80 

0.1#  aznii-11 . . . 

1.53 

2.00 

0.05#  additive  ionol . 

2.30 

3.70 

0.1#  additive  ionol . 

2.30 

5.60 

Oil  MK-6 . 

1.52 

2.20 

Oil  MX-6  with  additive: 

0.5#  aznii-11 . 

0.41 

0.84 

0.5#  Ionol . . 

0.61 

1.21 

T«bl«  8.  Results  of  Analysis  of  Products  of  Condensation 


Assumed 

structural 

formula 

Molec¬ 

ular 

weight 

Content,  % 

r  H 
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/ 
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c* 

\ 

i 

1 

i 

j 

XII, 

1 

_  J. 

i 

- 

” 

C.tl,(Oll)Cilf„  j 

. 1 

I 

• 

1 

CAljnCM  ' 
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75.1 

7.9  | 

H/t 

3b2 

.\vi 

C.2 

6X 

\ 

I 

• 

| 

XII, 

1 

1 

* 

_i 

1 
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^  1 

“~l 

• 

i 

*1 

' 

gi,oai 

Jr.*  j 

:c.'» 

7X7 

S.7  ' 

M 

{/•  5.W 

V* 

v  ! 

- 

. 

i 

« 

i 

1 

i 

"l 

j 

i 

gi,(omn> 

I 

< 

j 

/  ! 

1 

I 

, 

i 
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— 

_  ( 

— 

--  * 

— 

V2 

** 

•> • 

\ 

1 
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Nil, 

I 

! 

i 

__ 

‘ 

0.11,(011)  It' ••  ' 

1 

1 

i 

i 

. 

i 

C,ll,OCII  j 

XU 

- 

_  I 

—  • 

— 

w>; 

\  1 
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1 

_ 

• 
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i 

< 

i 
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i 
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I!U 

7.V" ' 

|C*» 
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i 

i 

Kit.  .  1 

« 

,  f  ..  . 

i 

i 

J 

1 

_J 

' 
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1 

1 

j 

» 

» 

1 

I 

1 
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♦Product  of  condensation  of  alkylphenol  obtained  by  alkylation 
of  phenol  in  a  1C0°-180°  fraction  of  thermally  cracked  paraffin 
with  furfurar.ide. 

♦•Product  of  condensation  of  industrial  alkylphenol  with 
furfuracu.de  (aznii-11  F). 
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M-8  vas  also  tented  In  mixture  with  antioxidizing  additives:  Fara-oxydiphenylamine , 

'«  -naphthylamiie,  and  the  importer!  additive,  Santolube. 

Teat  results  shoved  that  the  highest  antioxidizing  effectiveness  is  possessed 
by  the  product  of  condensation  of  pa ra-tert-octyl phenol  vith  furfuramide ,  and  also 
by  the  product  of  condensation  of  industrial  alkyl  phenol  vith  ftirfuranide  (aznii-liP). 

In  Table  9  are  data  on  the  antioxidizing  capactities  of  additive  aznil-llP 
at  ter  peratu res  of  120*  and  150*. 

Teat  results  shoved  that  Ionol  at  a  high  temperature  of  oxidation  of  150* 
does  not  influence  the  stability  of  oil  MX- 8,  vhereas  the  use  of  aznii-liP  very 
significantly  reduces  the  quantity  of  precipitate  and  the  acid  number  of  the  oil. 

The  greatest  effect  from  this  additive  is  attained  vith  its  addition  to  oil 
in  a  15  quantity. 

Broad  testing  of  additives  aznii-11  and  aznii-liP,  carried  out  in  other 
scientific  research  institutes,  makes  it  possible  to  reeoBxtend  them  for  practical 
use. 


Table  9.  Influence  of  Antioxidants  on  Stability  of  Oil  KK-8 


- K - 

>»  i 

m 

-h  v. 

*3  O 

U  X 

Product 

■h  r 

*j  ~  • 
C  <3  © 

3  > 

■HO* 

*>  U  © 

c  u*> 

3  * 

©  c 

■O  JO  >c 

p  V.  *J 

<  c  e 

y  o 

y  o  -h 

Temperature  of  oxidation  120* 


Oil  MK-8 . 

Oil  KK-8  vith  additive: 

Aznii-11  P . 

0.10 

0.070 

0.018 

Ionol . 

C.10 

0.03^ 

para-oxydiphenyl  amine . 

0.05 

0.04C 

phenyl- •  -naphthyl  ar.ine . 

C.05 

0.012 

Santolube . . 

0.05 

0.072 

Temperature  of  oxidation  150* 


Oil  KK-8 . 

Oil  KX-8  vith  additive  aznii-liP... 

0.1 

1.01 

0.21 

0.3 

0.24 

0.5 

0.20 

0.7 

0-17 

1.0 

0.18 

Oil  KK-8  ♦  Ionol . 

0.1 

1.01 

0.24 

0.03 

0.31 

0.03 

0.22 

0.18 

3.6 

0.8 

0.6 

0.4 

0.2 

0.1 

3.8 
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SYNTHESIS  OF  HIGHLY  EFFECTIVE  DEFRESSCR  TO  LUBRICATING  OILS  ON  A 
BASE  CHLCRIffE  OF  DERIVATIVES  OF  CERE2INE 

0.  N.  Il'ina 
Orenburg  Fetroleun  Flant 

Bf  recent  work*  it  has  been  established  that  a  molecule  of  depressor  should 
be  certainly  represent _*d  by  a  paraffin  chain  of  normal  structure,  i.e.,  include 
group  which  has  the  same  structure  as  oil  hydrocarbons  which  form  the  structure 
in  oils  during  their  cooling.  Depressors  also  act  on  the  formation  of  th~se 
structures. 

It  Is  natural  and  logical,  therefore,  to  assume  that  action  of  the  usual  de¬ 
pressors  does  not  spread  to  structures  which  form  in  oils  ceres  in  e  hydrocarbons, 
w— i sly  because  in  molecules  of  usual  fpressora  there  are  no  hydrocarbons 

baring  the  same  structure  as  cerezlne,  A  result  of  this  is  the  fact  that  a 
molecule  of  depressor,  containing  cereiine  should  prevent  the  formation  of 
structures  in  which  cere  line  hydrocarbons  participate.  This  assumption  indicates 
that  it  ia  necessary  to  conduct  certain  investigations  on  the  use  of  cereiine  as 
rm  Material  for  synthesis  of  depressors,  all  the  more  eo  since  in  all  works  on 
Synthesis  cereiine  and  paraffin  were  considered  as  absolutely  equivalent. 

Proceeding  from  the  position  that  the  additive  should  contain  those  hydro- 

carbons  which  form  struct  ur-  in  oils,  additives  were  synthesised  on  a  base  of 
ceres ine. 

*P.  I.  Sanin,  A  V.  Ul'yano.-  ar.d  V.  V.  Sher.  Chemistry  and  Technology  of 
ruel  Oils,  No.  3,  1956. 


As  initial  raw  material  for  synthesis  of  depressors  the  following  products  were 
taken. 

1.  Cerezine  of  molecular  weight  600,  with  a  melting  point  of  73*  and  penetration 
18,  obtained  by  the  usual  acid  contact  purification  of  natural  ozocerite  of  Stanislav 
and  Dagadzhik  deposits. 

2.  Cerezine  of  molecular  weight  650,  with  a  melting  point  of  83*  and  penetration 
10,  obtained  by  the  usual  method  from  ozocerite  of  deposit  ShorSu  and  Surakhany  plug. 

3.  Synthetic  cerezine  of  molecular  weight  550,  with  a  melting  point  of  93°  and 
penetration  9  (cerezine  is  obtained  by  the  Orlov- Fisher  Tropsch  method  at  a  combine 
of  artificial  liquid  fuel.  Comparatively  low  molecular  weight  and  high  melting 
point  indicates  that  it  consists  mainly  of  hydrocarbons  of  normal  structure). 

The  above  samples  were  subjected  in  laboratory  conditions  to  usual  liquid-phase 
chlorination  by  f r  e  chlorine.  Chlorination  was  conducted  in  glass  equipment  at 
temperatures  of  90-100°.  It  was  conducted  until  products  were  obtained  containing 
chlorine  from  120  to  250^,  calculated  on  monochlorderivatives. 

Chlorine  derivatives  further  were  used  for  normal  alkylation  of  hapthalene  in 
the  presence  of  a  catalyst  --  aluminum  chloride.  Napthalene  was  alkylated  with  a 
Tie-*  to  obtaining  in  separate  cases,  mono-,  di-  and  tri-derivatives. 

The  depressor  action  of  synthesized  additives  was  studied  on  artificial 
mixtures.  In  particular,  a  y%  solution  was  taken  of  cerezine  with  melting  point  83* 

In  Bnba  residual  oil  MT-16  viscosity  16.0  cs  at  100°  and  pour  point  -*-16°,  to  which 
depressors  were  added  in  quantity  0.5^. 

Data  on  synthesis  and  tests  of  depressors  are  given  in  Table  1. 


t>^o 
4  ~ 


Table  1.  Conditions  of  Sjnthesis  of  Depressors 


Natural  cerezine  with 
suiting  point  73%  Dagadzhik 

•it# 


Natural  cere2ine  with  melting  point  83* 
from  Surakhany  plug  and  ozocerite  from 
Shor-Su 


1 

7.6 

14.0 

65 

1.5 

9 

6.2 

75 

17 

2 

8.8 

15.5 

62 

1.5 

10 

6.2 

75 

20 

3 

9.9 

18.0 

60 

1.5 

11 

8.6 

70 

24 

4 

11.2 

21.0 

59 

1.5 

12 

8.6 

70 

7k 

7 

9.9 

18.0 

60 

2.0 

13 

8.5 

70 

23 

8 

11.2 

21.0 

59 

3.0 

14 

9.0 

65 

30 

15  - 

.  9.0 

65 

20 

16 

13.0 

64 

25 

3.0 

1.5 

3.0 

1.5 

3.0 

3.0 

1.5 

3.0 


Below  are  presented  data  about  action  of  obtained  additives  on  pour  point  (in 
•c)  3*  solution  of  cerezine  in  oil  MT-16. 

Oil  MT-16  +  3%  cerezine  with  Belting 


point  $3* . . .  +35 

Oil  MT-16  +  yt  cerezine  with  relting 
point  83*  +  0.5^  additive: 

depressor  AzNII* .  +32 

No.  1 .  +20 

No.  2.. .  +14 

No.  3 .  -20 

No.  4 .  -28 

No.  5 .  ~ 

No.  6 .  — 

No.  7 .  -18 

No,  8 .  -24 

No.  9 .  32 

No.  10 .  30 

No.  11 . 

No •  12 . . .  —24  to  —26 

No.  13 .  -14 

No.  15 .  -:s 

No.  16 . *35 

No.  17 .  -20 


•Ed.  Note:  Depressor  is  narei  for  research  institvte  JUKI!  or  aznii  • 
Azerbajdzhar.  Scientific  lesearch  Institute. 
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+20 

-20  to  -22 

-20  to  -24 

Is  insoluble 
+30 
-20 
-16 

-18  Suspen. 

-18  Suspen. 
-12 
-8 
-24 
-2 


Positive  results  ere  given  by  additives  prepared  by  Alkylation  of  napthalene 
with  chlorocerezine,  containing  not  less  than  9.9%  chlorine,  ''onsldereing  that  the 
aolecular  weight  of  cerezlne  equals  600,  one  should  consider  that  during  chlorination 
are  fbrved  chiefly  dichlorderivatives  of  cerezlne.  A  lowering  to  1.5%  of  the 
quantity  of  catalyst  also  renders  a  certain  positive  Influence  on  properties  of 
additive. 

Best  results  of  synthesis  of  additives  are  obtained  when  X . 5%  of  eatalyst  is 

used. 

Chlorine  content  in  chlorocerezine  should  be  not  less  than  8.S-9.0JC  and  not 
core  than  12t. 

In  the  manufacture  of  additives  on  synthetic  cerezlne  the  quantity  of  chlorine 
in  the  chlorocerzine  can  vary  within  rather  wide  limits  (fro*  7  to  1 2%).  But  with 
increase  of  content  of  chlorine  above  12%  during  subsequent  alkylation  of  napthalene, 
the  quantity  of  which  is  calculated  on  obtaining  of  derivative  with  two  radicals, 

Jr  obtained  an  additive,  not  soluble  In  ells  (additive  No.  21);  in  obtaining  a 
ccnjnund  with  one  lateral  chain,  the  additive  becomes  soluble  in  oils,  but  loses  its 
depressor  prorertles  (additive  No.  22). 

Calculation  of  quantity  of  na;thalene  during  synthesis  of  additive  should  be 
conducted  proceeding  fro*  the  fa~t  that  to  its  nolecule  are  joined  two  radicals. 
Increase  of  quantity  of  napthalene,  even  a  stall  one  leads  to  a  sharp  reduction  of 
depressor  properties  of  arylcerexines . 


No.  18 
No.  19 
No.  20 
No.  21 
No.  22 
No.  23 
No.  24 
No.  25 

■n.  26 

No.  27 
No.  28 
No.  29 
No.  30 
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Data  on  synthesis  of  depressors  on  the  basis  of  synthetic  cerezine  with  a 
■eltlng  point  of  93°  and  investigation  of  their  action  on  pour  point  of  oils  are 
given  In  Table  2. 


Table  2.  Conditions  of  Synthesis  of  Depressors  on  the  Basis  of  Synthetic 

Cerezine 


Wo*  addition 

Chlorine  in 
chlorocerezine 
% 

Melting  point 
of  chloro¬ 
cerezine,  *C 

Quantity  of 
r.apthalene  per 
100  g  chloro¬ 
cerezine,  g 

VJ. 

a* 

f'N 

H 

O 

3 

No.  addition 

Chlorine  in 

chlorocerezine, 

t 

Melting  point 
of  chloro¬ 
cerezine,  *C 

b 

W  t  bO 

o  •  O 
c  •—*  « 

►>  «>  JZ  t> 
->  «-»  O  C 
—■4  5  —4 

*>  £  tc  M 

C  *»  V 

rt  U.Q  b 
P.  ««  O  V 
&  Ch  o 

VI 

n 

H 

O 

3 

17 

8.1 

78 

21 

1.5 

24 

9.2 

78 

18 

1.5 

10 

8.1 

78 

21 

3.0 

25 

10.2 

73 

20 

1.5 

19 

11.9 

71 

31 

1.5 

26 

11.2 

71 

23 

1.5 

20 

11.9 

71 

31 

3.0 

27 

7.5 

80 

15 

3.0 

21 

12.4 

68 

30 

3.0 

28 

9.2 

73 

27 

1.5 

22 

12.9 

66 

50 

3.0 

29 

10.2 

73 

20 

3.0 

23 

7.5 

80 

15 

1.5 

30 

11.2 

71 

35 

3.0 

Parallel  investigations  ver-*  conducted  on  the  action  of  one  depressor  synthesized 
from  natural  cerezine  and  depressor  AzNII  on  oil  MS-20  with  different  content  of  Baku 
petrolatum  (artificial  mixtures).  Data  are  given  in  Table  3. 


Table  3.  Action  of  Depressors  on  Four  Point  of  Oil  MS-20  Containing  Petrolatum 


Product 

buanti 

ty  of  n 

jtroiai 

turn  in 

oil.  1 

t 

■a 

2 

m 

m 

8 

10 

12 

MS-20 . 

•  •  «  « 

-16 

+10 

+22 

+28 

+32 

+32 

+35 

Tha  same  +  0.53&  depressor  AzNIT. 

•  •  •  * 

-32 

-32 

-16 

-3 

+16 

+26 

+28 

*3-20  with  additive  No.  4  (sec 
'able  1) . 

-32 

-32 

-32 

-26 

-25 

-10 

-6 

With  a  content  of  Baku  petroJ  itum  in  the  mixture  higher  than  U%,  influence  on 
pour  point  of  depressor  AzNII  is  sharply  lowered  and  during  further  increase  of 
content  of  petrolatum  in  oil  almost  disappears,  whereas  influence  of  synthesized 
additive  is  apparent  even  with  a  12#  content  of  cerezine  in  the  mixture. 
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Table  4.  Influence  of  Concentration  of  Depressor  on  Pour  Point 

of  Oil 


• 

Additive 

Quantity  of  additive. 

%  _  . 

1.0 

0.5 

0.25 

0.1 

0 

Oil  without  additive...... 

+16 

Para  flow . . . 

-22 

-12 

41 

+11 

mmm 

Santo  pour. . . 

-25 

-18 

-4 

+3 

, 

Decressor  AzNTI. . . . . . 

-22 

-22 

-8 

+5 

Additive  No.  4  (see 

Table  1) . . 

-28 

-26 

-22 

-18 

Also  investigated  was  the  action  of  this  additive  and  known  depressors  on  a 
Jf  eolut  ion  of  Baku  pttrolattsa  in  residual  Einba  oil  depending  upon  concentration 
of  additive  (Table  4). 

Faraflow  and  Santo*x>ur  were  added  from  calculation  of  content  of  50%  additive 
proper. 


Table  5*  Action  of  Different  Depressors  on  Pour  Foint  of  Oil  MT-16 


Products 


Oil  JfT-1  6 . 

OU  MT-16  with  additive: 

Paraflow; . 

Santo pour . 

Depressor  AzNTI..... 
No.  4  (see  Table  l). 


Quantity  of 
additive,  % 

Pour  pointy 

WC 

a  • 

— 

+30 

•  a 

3.0 

+30 

•  a 

3.0 

+30 

a  a 

1.5 

+30 

•  a 

1.5 

-26 

From  given  data  it  is  clear  that  at  a  0.l£  concentration  of  additive  is  the 
newly  synthesized  additive  most  effective.  Besides  this,  was  investigated  the  action 
of  known  depressors  and  one  of  the  synthesized  additives  on  a  5%  solution  of  cerezine 
uith  a  Belting  point  of  73*  in  residual  Qnba  oil  (Table  5). 

Known  depressors  on  oils  containing  cerezine  render  no  influence.  The  depression 
camred  by  synthesized  additive,  constitutes  56°. 

Simultaneously  with  the  enumerated  investigations  the  following  ones  were 


condtactsd. 


!•  Action  of  Depressors  on  Coeaerclal  Oils  Obtained  frcn 
Platlllates  and  Hydrone  of  Tuvnazy  Crude  by  Means  of 
Selective  Purification.  Deparaffination  and  Final 
Rectification  by  Bleaching  Clay  by  the  Contact 
Method 


According  to  their  conpositlon  oils  are  either  completely  distillates,  or  a 
■lxture  of  a  distillate  product  with  residual  in  different  proportion.  Action  of 
—plea  of  synthesized  depressors  on  pour  point  of  cosacercial  oils  was  tested 
parallel  with  depressor  AzVTI  (Table  6). 


Table  6.  Action  of  repressors  on  Pour  Foint  of  Deparaffinated 
Corns erciai  Oils  of  Selective  Purification 


Analysis  of  oil 

8* 

“O 

5  Is 

8.2 

CO  60 

* 

o 

• 

Four  point,  ®C 

Oil 

Kinematic 
viscosity 
100®,  cs 

c  « 

•r4 

QCO 

ro-H 
93  O 

55  2 

t> 

* 

D 

X 

o 

o 

l. 

o 

a  « 
3  n 
o  e> 

JZ  u 
*J  U 
■ri  «. 

i  xs 

depressor 

AzNII 

o 

> 

■H 

*>  -t 
■H 

T5  • 

T>  O 

«s  sc 

Lubricating  oil  from  reservoir 

A  r-jw-Kuiby3hev  NFZ  (pertroleur 
refinery)  +  8. Et  depressor 

AzNII . 

0.897 

9.60 

224 

-17 

-28 

-28 

Lubricating  oil  from  reservoir 
**  +  0.5%  depressor . 

0.814 

9.50 

212 

-18 

-28 

-24 

Lubricating  oil  from  reservoir 

C  +  0*5%  depressor . 

0.892 

9.50 

216 

0.25 

-17 

-22 

-24 

Lubricating  oil  from  reservoir 

D  -*"0.5%  depressor . . 

0.892 

9.53 

210 

0.22 

-15 

-30 

-30 

Lubricatinr  oil  from  reservoir 

E  +  0.5^  depressor..... . . 

0.895 

9.55 

212 

0.25 

m 

-26 

-28 

’rtiB  the  table  it  is  clear  that  the  action  of  both  depressors  on  the  shown 
oils  is  absolutely  similar. 


2.  Art  ion  of  Depressors  on  Pour  Point  of  Oils  o'*  Selective 
Purification  of  Sh.q]  low  Deparaffination 


Deep  deparaffination,  as  i.*>  known,  leads  to  significant  lowering  of  yield  of 

connercial  oils  from  raw  material,  and  also  to  impairment  of  index  of  viscosity  of 
oils.  In  connection  with  thir  i*  in  e.r;  Jir-nt  to  deparaffinate  oil  at  higher 
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temperatures  and  to  obtain  final  pour  point  of  oils  by  means  of  addition  of  highly 
effective  depressors.  Proceeding  from  this,  in  laboratory  conditions  samples  were 
prepared  of  oils  of  shallow  deparaffination  with  a  pour  point  higher  than  0*C  and 
ok  them  is  tested  a  sample  of  arylcerezine  (Prece.  No.  4)  and  depressor  AzNII 
(Table  7). 

Prom  given  data  it  is  dear  that  arylcerezine  is  significantly  more  effective 
than  depressor  IsSII,  especially  when  the  test  is  conducted  on  residual  oils. 


Table  7.  Action  of  Depressors  on  Pour  Point  of  Oil  of  Shallow  Deparaffination 


Tield 

Kinematic 

Pour  point,  #C 

• 

Oil 

from 
oil- 
contain¬ 
ing  par¬ 
affin.  % 

viscosity 
at  100°, 
cs 

without 

depressor 

depressor 

Az’JII 

additive 
No.  4 

Distillate  raffinate  from 
reservoir  D  of  New- 
Kuibyshev  KPZ  (Petroleum 
Refining  Factory)  de- 
parafflnated  at  -I*,  +0.5* 
depressor . . . 

75.1 

6.1 

+8 

+6 

-10 

The  same,  deparaffinated 
at  -10*,  -K).5£  depressor... 

78.0 

6.9 

-3 

-18 

-20 

Residual  raffinate  from 
reservoir  E,  deparaffinated 
at  0%  +0.5%  depressor . 

81.2 

20.8 

+3 

44 

-15 

The  same,  deparaffinated  at 
+5*,  +0.5%  depressor .  , 

80.9 

21.3 

+4 

-8 

-18 

The  sane,  deparaffinated  at 
-10°,  +55^  depressor . 

.  SO. 6 

21.9 

+2 

-10 

-18 

Mixture  of  residual  oil  from 
experiment  4  with  distillate 
oil  from  experiment  2  in  a 
35:65  ratio  +0.5^  depressor 

9.7 

+2 

-12 

Below 

-20 

The  same  +0.2%  depressor.... 

— * 

9.7 

+2 

0 

-19 

17S 


1  .^A9*r«***£ 


I 

s 

i 

» 

1 

1 


3.  Action  of  Depressors  on  Extract  of  Phenol  Rectification  of  Distilled 

Raffinates 


Obtained  revolts  are  given  in  Table  8. 

.  Table  8 


Pour  point,  *C 

Product 

without 

depressor 

depressor 

AzHII 

Q.5*  _ 

additive  No.  4 

0.5 1 

Extract  from  reservoir  Zh.... 
Extract  from  reservoir  Z  in 
mixture  with  lubricating  oil 

+5 

-2 

in  a  25:75  ratio . 

Filtrate  from  laboratory 

+12 

+8 

0 

oil-free  crude  paraffin . 

Extract  in  mixture  with 
lubricating  oil  from 

+8 

+4 

0 

reservoir  A  (cylinder  oil).. 

+12 

+2 

-20 

In  tills  case  the  newly  synthesized  depressor  is  also  more  effective. 


4.  Influence  of  Synthesized  Depressors  On  Viscosity  of  Oils  At 

Low  Temperatures 


Any  lubricating  oil,  acting  in  flow  at  increased  temperatures  as  a  normal 
JVewtor  liquid,  with  a  decrease  of  temperature  manifests  properties  characteristic 
for  oslloldal  systems.  It  is  known  that  existing  depressors  affect  appearance  of 

m 

structure  in  oils,  and  shift  the  anomaly  of  viscosity  into  region  of  lower 
t  -r.^ratures. 

Also  investigated  was  influence  of  obtained  depressors  and  depressor  AzTJlI  on 
viscosity  of  oil  KT-16,  containing  cerezine  with  melting  point  83*  (Table  9). 
Tests  were  conducted  on  a  Voloruvirih  rotary  viscosimeter. 


Table  9.  Influence  of  Depressors  On  Viscosity  of  Oil  MT-16,  Containing 

7%  Cerezine 


Product 

Pour  point,  *C 

Viscosity  at  a 
tggeratwre  of  -11*, 

Oil  MT-16  +  7%  cerezine  with  a 

melting  point  of  83* . 

+35 

20280 

The  same  +  0,5%  depressor  AzNII.. 

+32 

18230 

Oil  MT-16  +  J%  cerezine  with  a 

melting  point  of  83*  +  additive: 

Mo.  A . . 

-28 

6050 

Mo.  17 . 

-20 

6920 

Mo.  19 . . . 

-20  to  -22 

6030 

No.  12... . 

-20 

6120 

Bo.  15 . 

-28 

5560 

No.  26 . 

-18  mobile 

6180 

From  given  data  it  is  clear  that  synthesized  additives  very  significantly  affect 
viscosity  of  given  mixture  at  temperatures  of  -11°  whereas  depressor  AzNII  has 
practically  no  influence. 
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SYNTHESIS  AND  PROPERTIES  OF  POLYGLYCOL  ESTERS  AND  THEIR  ; 

APPLICATION  AS  COMPONENTS  OF  SYNTHETIC  OILS  AND  \ 

ADDITIVES  j 

J 

V.  I.  Isagulyants,  V.  N.  Tishkova,  L.  K.  Snel'yanova  and  I.  A.  Grushevenko 

MINKh  i  Gp* 

A  new  type  of  synthetic  lubricating  oils  are  reaction  products  of  alcohols 
and  phenols  with  oxides  of  alkylenc  (ethylene,  propylene).  These  oils  are  widely 
applied  abroad  under  name  of  polyglycol  esters. 

i 

Polyglycol  asters  possess  a  number  of  very  valuable  properties.  They  have  a 
low  pour  point  (-55°  to  -60°),  good  viscosity-temperature  characteristic,  and  a 
high  index  of  viscosity.  At  low  temperatures  they  are  more  mobile  than  mineral  oils 
of  identical  viscosity.  One  of  the  interesting  properties  of  these  oils  is  their 
ability  (during  operation  in  motors  at  increased  temperatures)  to  be  decomposed 
with  formation  of  volatile  products  and  to  be  volatilized,  not  leaving  resins, 
varnish,  and  carbon  deposits  on  motor  parts.  The  oils  can  obtain  the  most  diverse 
viscosities,  changing  the  ratios  of  the  initial  alcohol  and  alkylene  oxide.  Oxides 
of  alkylene  are  condensed  with  alcohols  and  phenols  according, to  a  chain  mechanism 


in  the  fo^owing  diagram: 


cir,  a  i, 

I  i 

ROM-:-  (ar/ur-ai,),  -♦  ro  (at:u(o),at,-cir— oji 
b 


*Mo3cow  Order  of  Labor  of  the  Red  Banner  Institute  of  the  Petroleum  Chemical 
and  Gas  Industry  named  after  Academician  I.  M.  Gubkin. 
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Consequently,  depending  upon  qvar  -y  of  molecules  of  olefin  oxide  and  character 
of  initial  alcohol  or  phenol,  are  obtained  compounds  of  different  structures, 
constituting  esters  of  polyglycols  with  chains  of  different  length  which  influences 
the  difference  of  their  properties. 

In  foreign  literature  dedicated  to  this  problem,  can  be  found  information  about 
properties  and  results  of  a  test  of  these  oils  in  motors  [1-6] •  In  Soviet  literature 
the  problem  of  obtaining  polyglyccl  esters  as  lubricating  materials  has  been  treated 
very  little;  synthesis  is  described  of  polyglycol  esters  on  the  basis  of  ethylene 
oxide  and  certain  alcohols  in  the  presence  of  iron  sulfate  [7].  Certain  catalysts 
were  studied  in  reactions  of  condensation  of  alkyl ene  oxides  with  alcohols  [8,  9]* 
This  work  is  dedicated  to  the  synthesis  of  different  polyglycol  esters  and  study  of 
their  low- temperature  properties. 

Below  is  a  description  of  synthesis  of  different  polyglycol  esters,  which 
according  to  their  character  can  be  divided  into  two  groups:  l)  polyglycol  esters 
on  the  basis  of  phenol  and  propylene  oxide  and  2)  polyglycol  esters  on  the  bssis  of 
alcohols  and  propylene  oxide. 

Synthesis  of  Polyglycol  Esters  on  Basis  of  Phenol  and  Propylene  Oxide 

Parent  substances  for  synthesis  of  polyglycol  esters  of  first  group  were  phenol 
with  a  boiling  point  of  181*  para-tert-butyl phenol  with  a  melting  point  of  99°; 
para-tert-octylphenol  with  a  malting  point  of  68-70*;  propylene  oxide  with  a  boiling 
point  of  35*  and  hard  caustic  soda.  Iu  all  cases  were  used  the  equipment  and  method 
described  during  s/mtheais  of  polyglycol  ester  or  the  basis  of  phenol  and  propylene 
oxide;  Oiily  the  ratio  of  components  of  phenol  and  propylene  nxide  changed. 

The  reaction  goes  according  to  the  diagram 

ai,  oi, 

o-air-Aioif  on  o— al-aij-on 

*-\  J+ai,  at~ai4  -♦[  ] 

y  v  y 


Table  1.  Phjslco-cha&leal  Propertlen  of  Polyglyool  Kstero  on  the  Baa  la  of  Propylene  OxUa  and  Phonol 
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Two  isomers  are  obtained:  e-phenyl  ester  and  /9-phenyl  ester  of  propylene 
glycol. 

Into  a  250  en?m three-necked  retort,  supplied  by  mechanical  mixer,  condenser, 

thermometer,  and  liquid-drop  funnel,  was  loaded  phenol  (0.5  stole)  and  hard 

* 

caustic  soda  (as  catalyst)  calculated  on  taken  cample.  Mixer  and  heater  were  turned 
cm  and  gradually  teaperature  of  reaction  mixture  rose  to  130*.  After  achievement 
of  this  temperature ,  free,  the  liquid-drop  funnel  was  added  the  necessary  quantity 
•f  propylene  oxide  by  dn*ps,  with  such  a  speed  that  it  all  entered  into  the  reaction. 

Upon  cocplet  on  of  reaction,  which  continued  4  hours,  the  product  is  washed 
3-4  t'aes  from  residues  of  phenol  cy  hot  water ,  After  that  it  was  subjected  to 
distillation  in  a  va emr  into  fractions,  which  then  were  characterised  basically  by 
their  low- teaperature  properties.  Physico-chemical  properties  of  polyglycol  esters 
are  shown  io  Table  1.  Fra m  analysis  of  data  of  table  are  revealed  the  following 
regularities. 

1.  Increase  of  quantity  of  groups  of  propylene  oxide  in  molecule  leads  to 
increase  of  viscosity  of  polyglycol  ester  and  simultaneously  to  a  lowering  of  its 
pour  point. 

2.  Increase  of  molecular  weight  of  initial  substituted  phenol  leads  to  in¬ 
crease  of  viscosity  of  obtained  oil ;  viscosity-temperature  properties  and  pour 

r 

point  worstm  somewhat. 

Synthesis  of  Polyglycol  Esters  on  the  Basis  of  Alcohols 
and  Propylene  Oxide 

The  following  products  with  temperatures  of  boiling  served  as  initial  raw 
■at wrlrJL:  n-propyl  alcohol  97.2*;  n-heptyl  alcohol  176.3*;  n-octyl  alcohol  195.2*; 
isopropyl  alcohol  79.5-65.4*;  isoamyl  alcohol  132*;  2-ethylhexaaol  104*;  oxide  of 
propylene  36-30*;  hard  caustic  soda;  hard  caustic  alkali. 


The  reaction  .ijoes  according  to  the  diagram: 


«  »ai/)ii-ha»r-CH-aiJ 

o 


9  naijOiifOi.-ar-af, 

v 


?•* 

Rat.oai-aijOii 


f* 

naijOac,-  cif-oii 


I**.,  two  laaoerlc  ester*  of  propylene  glycol  are  formed. 

he  tftoi  of  experiments  on  condensation  of  oxide  of  propylene  with  alcohols 
Mrs  conducted:  l)  at  atmospheric  pressure,  2)  at  increased  pressure  (from  3  to 
43  (tech)).  In  the  first  series  of  experiments,  synthesis  of  polyglycol  esters 
took  place  in  equipment  and  conditions  described  during  synthesis  of  polyglyeol 
•sters  on  the  basis  of  acid  propylene  and  phenol.  An  exception  was  temperature, 
which  in  reaction  with  heptyl,  octyl,  and  2-etnylhexyl  alcohols  was  maintained  on  a 
level  of  170-180*;  furthermore,  length  of  reaction  was  increased  1.5-2  times. 

Yield  of  condensate  constituted  from  92  to  %$.  Results  of  physico-chemical 
investigation  of  fractions  separated  during  vacuus:  distillation  of  condensate 
obtained  with  isoamyl,  heptyl,  octyl,  and  2-ethylhexyl  alcohols,  are  presented  in 
Table  2. 

Data  of  Table  2  show  that  with  increase  of  groups  of  propylene  oxide  in  the 
molecule,  viscosity  is  increased  of  polyrl/col  ester  (such  dependence  was  observed 
during  condensation  of  propylene  oxide  with  phenol)  and  also  that  polyglycol  esters 
on  the  basis  of  propylene  oxide  and  alcohols  have  a  low  pour  point  (of  the  order 
of  -60*)  and  a  sloping  viscosity-temperature  curve. 

Iafflgpriflcamt  impairment  of  low-temperature  properties  —  pour  point  and 
viscosity-temperature  constant  for  polyglycol  esters  with  Increase  of  their 
molscular  weight  ray  be  explained  by  the  forratiou  of  polyr*'.-.  of  propylene  oxide, 
dildl  cam  be  obtained  by  prolonged  heating  at  a  high  temperature.  In  connection 
with  this,  a  nrnribf  r  of  experiments  on  condensation  of  great  quantities  of  propylene 
eadde  with  alcohol*  (in  1:4  to  1:16  ratios)  prevent  polymerisation  of  propylene 
endde  were  conducted  in  an  autoclave  at  increased  pressure  (from  3  to  43  atm  (tech)). 
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Tabls  3,  Pfcjrils#*»«h«aisAl  fr or»i*tis»  of  h>l/fl/oel  ytirc  on  th«  tools  of  frop/lsns  Gbddo  ond  ttlooholo 

(pol/4Ugrl«n«  glycols  ars  obtain**  at  att*sph*rio  prssruro) 
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Folyglyoai  esters  vers  obtained  on  the  basis  of  propyl,  isopropyl,  isoacyl, 
a-octyl  and  2-ethylhesgrl  alcohols  said  propylene  oxide.  As  catalyst  of  reaction 
caustic  soda  or  caustic  alkali  was  used. 

Obtatninr  Bolrglycol  Esters  by  Condensation  of  Propylene  Oxide 
with  Different  Alcohols  In  an  Autoclave  at  Increased  Pressure 

The  reaction  took  place  in  a  stael  revolving  autoclave  0.5  1  in  capacity 
externally  heated  by  electricity..  In  the  autoclave  was  loaded  alcohol  (0.5  mole) 
and  caustic  soda  or  caustic  alkali  amounting  to  UC  of  total  sm  of  reagents.  At 
a  temperature  of  60*  valve  of  autoclave  was  opened  to  the  atmosphere  for  removal  of 
air  from  tone  of  reaction.  After  that,  at  a  temperature  of  130*  into  the  autoclave 
gradually  moved  propylene  oxide.  Temperature  of  reaction  was  regulated  by  decrease 
or  increase  of  heating,  taking  into  account  the  heat  given  off  during  the  react  loo. 
Pressure  in  separate  experiments  varied  within  the  limits  of  >-43  atm  (tech). 
Iteration  of  experiment  was  3  hours.  Contents  of  autoclave  was  nixed  periodically. 
Ratio  of  alcohol  and  propylene  oxide  In  the  separate  experiments  varied  free  1:4  to 
1:16. 

The  yield  of  condensate  in  almost  all  experiments  constituted  95-96£.  Product 
of  reaction  was  filtered  fron  suspended  mechanical  impurities  and  in  a  number  of 
experiments  was  subjected  to  distil latior.  in  vacuum.  Results  of  physical  chemistry 
research  of  A-a-r'ions  separated  during  distillation  of  condensate  are  presented  in 
Table  3  and  la  the  figure  (meber  of  curves  on  figure  correspond  to  ordinal  numbers 
1  Table  3).  As  a  result  of  conducted  research  the  loi lowing  regularities  are 
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«P»Jygiyoot  Mitn,  obtolnod  on  th*  bools  of  lsotftyl,  2-othylhojqrl  And  isopropyl  snd  isopropyl  Alcohols, 
lavss  ties  tod  without  prslialnory  froetlonotion. 


Dependence  of  viscosity  on  temperature  for  oils 
obtained  on  the  basis  of  different  alcohols  and 
propylene  oxide. 

KEY:  (a)  Viscosity,  csj  (b)  Temperature,  °C. 


1.  Viscosity  of  polyglycol  ester  increases  with  increase  of  quantity  of 
propylene  oxide  combined  with  alcohol. 

2.  With  increase  of  viscosity  of  polyglycol  ester  is  increased  its  pour  point, 
and  also  value  of  v  ~^/v  t_qo 

3.  With  an  increase  of  number  of  carbon  atoms  in  molecule  of  alcohol  is 
increased  the  absolute  value  of  viscosity  and  is  somewhat  increased  the  pour  joint 
of  polyglycol  ester.  Value  of  ^oApoO  ratio  almost  does  not  change. 

U.  Polyglycol  esters  obtained  from  alcohols  of  normal  structure  have  a  higher 
pour  point  as  compared  to  polyglycol  esters  obtained  from  alcohols  of  isostructure. 

Polyglycol  ester  (experiment  10)  was  oxidized  by  air  (0.25  l/min;  12  hours) 
according  to  method  of  VTI  [F.  Dzerzhinskiy  All-Union  Heat  Engineering  Institute], 
while  initial  acidity  of  it  was  increased  by  0.005  which  testifies  to  stability  of 
i'  to  oxygen. 


Conclusions 

1.  Polyglycol  esters  obtained  on  the  basis  of  propylene  oxide  with  alcohols 


possess  higher  low-temperatu~e  properties  than  polyglycol  esters  obtained  on  the 
basis  of  phenols. 


2.  With  a  change  of  ratio  of  initial  components  (propylene  oxide  and  alcohol) 
aro  obtained  polyglycol  esters  of  different  viscosity  with  high  low-temperature 
properties. 

3.  Easily  obtainable  alcohols,  for  instance  isopropyl,  can  be  used  for  synthesis 
of  polyglycol  esters  with  high  low-temperature  characteristics. 

4.  On  a  base  of  alcohols  produced  in  industrial  scale,  can  be  obtained 
synthetic  lubricating  oils  of  the  polyglycol  ester  type,  possessing  good  low- 
tempera  ture  properties. 

5.  Certain  polyglycol  esters  upon  addition  to  mineral  oils  improve  their 
dispersive  and  washing  properties  and* there fore, can  be  used  during  preparation  of 
multifunctional  mixed  compositional  additives. 
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SYNTHESIS  AND  INVESTIGATION  OF  ADDITIVES  INCREASING  LUBRICATING 

PROPERTIES  OF  OILS 


A.  M.  Kuliev  and  A.  A.  Atal’yan 
INKhP* 


When  organic  compounds  containing  chlorine  and  sulfur  are  added  to  lubricating 
oils,  strength  of  butyric  film  is  increased  and  lubricating  ability  of  oils  is 
improved.  As  additives  to  oils  used  at  super-high  pressures,  are  applied  also 
exters  of  carbonaceous  acids  and  alcohols,  vegetable  and  animals  fats,  forming  on 
surface  of  metal  adsorbed  layers  of  molecules  due  to  the  polar  groups  in  them. 
Sulfonated  fats,  and  certain  sulfide  and  thio  ethers  not  only  lower  wear  .f  jr.otov- 
parts,  but  also  improve  anticorrosive  properties  c  *  lubricating  oils. 

Chlorinated  compounds,  prepared  on  a  base  of  aromatic  hydrocarbons  are  mere 
thermally  stable  than  compounds  prepared  on  a  base  of  aliphatic  hydrocarbons. 
Stability  of  these  additives  depends  mainly  on  content  of  sulfur  and  chlorine. 

Synthesis  of  additives  to  oils  for  transmission  and  hypoid  gears  was  conducted 
.  the  direction  of  synthesis  of  chlorine-  and  sulfur-containing  compounds  from 
petroleum  products  containing  a  significant  quantity  of  aromatic  hydrocarbons,  and 
also  in  the  direction  of  obtaining  esters  of  naphthenic  acids  and  polyatomic  alcohol 


of  Petrochemical  Processes  of  the  Academy  of  Sciences  Azerb.  SEn . 


*  r.itiaj.  raw  ^toriao.  ior  obtaining  chlor*4ia*.«a  ..onpounds  was  high-aromatic 
products  of  pyrolysis,  and  namely  a  napthalene  squeezing  containing  condensed 
aromatic  hydrocarbons,  solvent  and  160-300®  fraction,  separated  from  light  oil  of 
pyrolysis.  Later  for  synthesis  of  chlorine  derivative,  naptha  of  catalytic  cracking 
was  used,  evaporating  at  a  temperature  of  160-270°.  The  shown  products  contain  up 
to  60-80 %  aromatic  hydrocarbons. 

In  products  of  pyrolysis,  furthermore,  is  contained  up  to  25-303S  unsaturated 
hydrocarbons,  which,  during  chlorination  will  be  resinified,  are  polymerized  and 
worsen  quality  of  additives  obtained  on  their  base.  To  remove  them,  the  products 
of  pyrolysis  are  subjected  to  purification  by  sulfuric  acid.  Content  of  olefins  in 
naphtha  of  catalytic  cracking  does  not  exceed  2-3 

t 

Products  of  pyrolysis  and  cracking  are  subjected  to  chlorination  by  electrolytic 
chlorine  at  70-80°. 

To  accelerate  the  reaction,  chlorination  is  conducted  in  the  light  or  in  the 
presence  of  a  catalyst  —  powdered  iron,  while  chlorine  heads  for  the  aromatic 
nucleus.  After  chlorination  the  obtained  products  are  processed  by  a  solution  of 
caustic  soda  during  heating  for  decomposition  of  unstable  chlorine-derivatives  and 
neutralisation  of  hydrochloric  acid  dissolved  in  them. 

Prepared  thus,  chlorinated  products  of  pyrolysis  and  catalytic  cracking  upon 
addition  to  lubricating  oils  increase  their  antiwear  proporties. 


A  second  serios  of  additives  —  complex  esters  —  was  synthesized  from 
naphthenic  and  stearic  acids  and  ethylene  glycol  or  phenol. 

Esters  obtained  from  unchlorinated  acids,  almost  do  not  increase  antiwear 
properties  of  oils.  At  the  same  time  esters  from  chlorinated  acids  with  alcohols 
increase  antiwear  properties  of  oils. 


The  esterification  of  chlorinated  naphthonlc  acids  by  ethylene  glycol,  takon 
in  equimoleculor  ratios,  went  according  to  the  following  equation: 


cii.on 


2^V-tricoon+ 


C.H--.C1COOCJI, 

I  +2H.0 

c*ii,B_jCic°oeirl 
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In  the  reaction  with  formation  of  ester  the  acid  number  of  the  initial  mixture 


is  lowered  from  140-150  milligrams  KCH  to  8-10  milligrams  KOH. 

Esters  fron  chlorinated  naphthenic  acids  and  phenol  were  synthesized  through 
acid  chlorides  of  acids: 

i’CI,  ->  3CflH2ri_2ClCOCl-f  11,1’Oj 
/*n1,2a-2f-lC°ClTC,If/'lt  —  «ill2(,_2CICOOQIIi-flIU 

The  remaining  free  acids  after  treatment  by  a  weak  solution  of  caustic  soda 
were  washed  by  water. 

Tests  on  a  four-ball  machine  showed  that  esters  of  chlorinated  naphthenic  acids 
and  phenol  increase  durability  of  butyric  film  to  a  larger  degree  than  do  esters 
of  their  hloronaphthenic  acids  and  ethylene  glycol. 

It  is  necessary  to  note  that  additives  obtained  fron  the  above  esters,  in  the 
pre-nnee  of  a  small  quantity  of  free  acils  sharply  increase  corrosive  aggressiveness 
of  oil.  Therefore, our  research  in  subsequent  years  continued  mainly  in  the  direction 
of  obtaining  chlorine  and  sulfur-containing  compounds. 

A  basic  criterion  for  judgement  on  possibility  of  application  of  syr.th-- ized 
compounds  as  additives  for  oils  used  in  hypoid  and  transmission  gears,  was  testing 
on  a  gour-ball  machine. 


....  base  oil  was  used  airplane  oil  13-22,  which  in  viscosity-temperature 
properties  most  approximates  transmission  oils. 

As  ?  result  of  laboratory  research  and  tests  on  a  four-ball  machine  were 
.eloped  optimum  conditions  for  synthesis  of  the  crost  effective  additive  aznii-9*, 
e pared  on  a  base  of  product?,  of  catalytic  cracki:jg  and  products  of  pyrolysis. 

. ring  development  of  conditions  of  synthesis  of  additive  the  influence  of  different 
factors,  -r.  .  .'vn.aly  of  diffused  light,  catalyst,  and  others  was  clarified. 


v>C  .c.  i »  . 


..oto:  Additive  named 
c  Hesc  .rch  Institute: 


after  research  institute,  azr.ii 
also  written  AzMI . 


*  Azorbaydchan 


oils 


In  Tabic  1  are  given  results  of  test  on  fo or- bail  machine  of  different 
with  3«  additive  aznii-9. 

With  increase  of  concentration  of  additive,  antiwear  properties  of  oils 
increase  and  attain  maximum  with  an  addition  of  7-10#  additive. 

Depending  upon  quality  of  initial  raw  material  for  chlorination,  and  also  upon 
applied  anticorrosive  component,  it  is  possible  to  prepare  additive  aznii-9  in 
five  variants. 

1.-st  variant. 

Purified  from  unsaturated  hydrocaroons,  napthalene  squeezing  or  fraction  of 
light  oil  i3  chlorinated  to  a  content  of  15-20#  chlorine,  then  is  sulphurized  by 
elementary  sulfur  to  a  content  of  1-1.5/S  sulfur. 


Table  1.  Results  of  Test  on  Four-Ball  Michine  of  Different  Oils  with 

3 %  Additive  aznii-9 


k*0  . 

sample 

Product 

Diameter 
of  spot 
of  wear, 
mm 

Critical 

load 

V  kg 

8 

Airplane  oil  KX-22 . 

0.38 

52 

The  same  +  3#  additive . 

0.51 

103 

5 

AK-15 . 

0.38 

52 

o 

The  same  +  3#  adaiuive . 

0.45 

78 

14 

Transformer  oil,  thickened  by 

polyisobutylene . 

O.36 

39 

27 

The  same  +  3#  additive . 

0.45 

78 

24 

1  Bright  stock . 

0.38 

52 

25 

1  The  same  +  3#  additive . . . 

0.55 

116 

The  sulfurization  of  chlorinated  products  of  pyrolysis  can  be  excluded  if 
effective  anticorrosive  additive  aznii-7  is  added  to  the  additive, 
variant 


N’aphthnn  of  catalytic  cracking  is  chlorinated  to  a  content  of  30-35#  chlorine, 
after  which  to  it  is  added  anticorrosive  additive  aznii-7  with  an  ash  content  of 
10-11  containing  3 -4#  sulfur. 


van: ant 


1.  Chlorinated  naphtha  (content  of  chlorine  30-35#). 

2.  Oxidized  petrolatum  (acid  number  25-30  milligram  KOH). 


usXss&t 

1.  Chlorinated  naphtha. 

2.  Additive  asnii-7. 

3.  Oxidised  petrolatum  (aa  aueh  or  washed  by  hydrate  barium  oxide). 

fc&jjgjanl 

1.  Chlorinated  naphtha. 

2.  Additive  BFK-1. 

Ratio  of  chlorinated  products  and  anticorrosive  components  corresponds  to 
20:20  or  70:30f  and  in  4-th  variant  70:20:10. 

In  Table  2  are  given  results  of  tests  of  oils  with  additives  and  without 
additives  on  a  four-ball  machine. 

As  can  be  seen  from  the  table,  additives  of  the  type  aznii-9,  synthesized 
with  respect  to  all  five  variants,  sharply  increase  indices  of  antiwear  properties 

of  oils  and  durability  of  butyric  film.  Antiwear  properties  of  additive  aznii-9, 
judging  by  results  of  tests  on  four-ball  machine,  are  analogous  to  antiwar  prop¬ 
erties  of  imported  additives.  It  is  necessary  to  note  that  the  additive  acts  es¬ 
pecially  well  at  increased  temperatures  (80-100°)  and  pressures  (indices  "g#  and 
#300)« 

A  test  was  conducted  of  airplane  oil  MK-22  without  additive  and  with  additive 
aznii-9  ^.-e pared  accoiding  to  1-ct  variant)  on  reducing  gears  of  trolley  busses. 

On  the  basis  of  results  of  tests  during  a  trolley  run  of  40-45,000  km  on  an  oil 
with  additive  and  20-23,000  km  on  an  oil  without  additive  the  following  conclusions 
were  made. 

1.  Wear  of  teeth  of  gear  when  it  operates  on  an  oil  with  additive  is  twice 
l*-  than  when  it  operates  on  an  oil  without  additive  (Figs.  1  and  2). 

2.  W!  *n  trolley  busses  operate  on  an  oil  with  additive  aznii-9  oarrosben  of 
surface  of  teeth  of  worm  gear  and  worm  was  not  observed. 

One  of  the  basic  shortcomings  of  additive  aznii-9  is  its  corrosive  a§gx eesbveness, 
especially  in  the  presence  of  water.  The  addition  of  anticorrosive  additive  aznii-9 
and  oxidized  petrolaU®  sharply  lowers  corrosion  of  steel  and  copper  plates  when  oil 


ft  water.  Corrosion  was  determined  according  to  methods  of  the  JLSTM  and 
AU-Oiilon  Government  Standard  2917-45. 


Table  2.  Results  of  Test  of  Tracarlssion  Oils  on  Four- Ball  Machine 


So. 

simple 


8-12  -I 


Airplane  oil  MX-22  with  aid  it  ire 
Transmission  motor  and  tractor 
(nigrol  cylinder  oil) 
Ftadgating  resin,  prepared  from 
extract 

KK-22  ♦  3%  chlorinated  and  sul¬ 
fur  ised  naphthalene  squeezing 
KK-22  ♦  5%  chlorinated  and  aul- 
furited  naphthalene  squeezing 
WC-22  ♦  Jt  chlorinated  and  sul- 
furited  naphtha  of  catalytic 
cracking 

XK-22  ♦  3*  chlorinated  and  sul- 
furised  gas  oil  of  catalytic 
cracking 

KK-22  ♦  3-5 t  additive  asnii-9  in 
all  five  variants 
KK-22  ♦  yt  santopoii 
ms-22  +  H  Lubriaol-70 
IK-15  without  additdve 
AK-15  ♦  73*  asnii-9 *( 5th  variant) 


Content, 

,  i 

Critical 

Chorine 

Sulfur 

lviQ 

\» 

— 

i 

52 

— 

— 

39 

— 

1.5 

49 

16.4 

1.0 

By 

16.4 

1.0 

95 

20.0 

1.0 

95 

16.5 

1.5 

85 

98-108 

— 

— 

103 

— 

— 

132 

— 

— 

55 

— 

95 

1,  ^ear  of  tooth  of 
worn  wtoel  on  oil  without 
iditlvs. 

BET*  (a)  Thickness  of  wear. 


Fig.  2.  Wear  of  tooth 
of  worm  wheel  on  oil 
with  additive. 

KKT:  (a)  Thickness  of  wear. 


Dtariag  t«ti«g  on  *  Cllssoe  stand  at  tin  UMnctev  factory  and  in  WITT 
(Atttonobile  and  Tractor  Scientific  Beseareh  Institute]  tint  addition  gam  unsar  isCac- 
♦•cry  results  (3  nod  4-th  oarlsnts). 

Good  rated  ts  wore  shown  bj  an  addition,  prepend  ataoarding  to  the  5-th  variant, 
at  the  Baku  tire  factory.  Bright  stock  served  as  base  oil  during  the  tests. 
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ADDITIVES  ENSURES  UNIFOHKITT  OF  SLOW  MOVEMENT  OF  UNITS 
OF  KETAL-CUTTIKf  MACHINES 


R.  R.  Osber 
VNII  MP* 

In  connection  with  increasing  requirements  for  cleanness  of  treated  surfaces 
and  accuracy  of  treatment  of  articles,  special  urgency  belongs  to  the  guarantee 
of  uniformity  of  slow  shifts  of  supports,  platforms,  and  other  units  of  metal- 
cutting  machines,  including  automatic  machine  tools  equipped  by  program  control. 

Guarantee  of  stability  of  slow  shifts  of  units  of  machines  in  general  is  a 
complex  problem,  combined  with  Influence  on  characteristics  of  friction  in  guides, 
on  rigidity  of  mechanise  of  supplies  and  on  characteristics  of  drive  of  machine. 
Influence  on  characteristics  of  friction  in  many  cases  is  the  most  effective. 

Slide  guides  of  metal-working  machines  (usually  a  cast  iron  —  cast  iron 
pair)  during  shift  of  supports  with  feed  speeds  operate  in  conditions  of  nixed 
friction  due  to  low  speeds,  waviness  of  surface  and  presence  of  significant 
macro-unevennesses,  entering  of  oil  at  low  pressure,  contamination  by  its 
abrasive  and  lubricating-liquld  coolant,  frequent  stops  and  reversing  during  work. 

In  these  conditions  the  usual  industrial  oils  cause  an  intermittentness  of 
movement. 

♦All-Union  Scientific  Research  Institute  for  Oil  and  Gas  Refining  and  the 
Production  of  Synthetic  Liquid  Fuel. 


Si  pMCMs  of  Joist  writ  of  fWI  IIP  wd  ENXKS  [Experimental  Scientific  Research 
Institute  of  Metal-Cutting  lathes]  as  an  anti-skip  additive  to  industrial  oils  for 
tho  first  time  were  used  different  salts  of  high*«olftCular  fattj  acids  (soap), 
tnclwHng  stearate  and  oleestearate  of  alualnum  (in  concentration  1.6-2. 7%)  which 
showed  optists  results.  The  last  one  was  used  by  us  in  the  fbns  of  a  consistent 
Ufariesnt  AHS-3,  containing  1 8t  oleostearate  of  altaaima,  in  whose  composition  as 
hasts  sateen  Mgh  eriurora  restful  straw  engine  cylinder  oil. 

Being  easily  shartefl  on  metallic 
surfaces,  soaps  decrease  influence  of 
defects  of  surface  and  quickly  to  a 
change  of  fora  of  eliding  surface. 

Altanintn  stearate  (oleostearate 
of  almlnua)  improves  antiwear  and 
anticorrosive  properties  of  oil,  since 
high  viscosity  of  soaps  promotes 
formation  of  lubricating  layers  of 
sufficient  thickness  which  is  essential 

Pig.  lo  Characteristics  of 

viscosity  of  standard  oils  for  reduction  of  wear,  and  also  lowers 

S53  and  CS3  and  developed 

types  of  oils  for  machine  pour  point  of  parafflnaceous  oils; 

tool  guides. 

1)  oil  ES3;  2)  oil  CS3;  thanks  to  these  properties,  it  can  be 

3>  industrial  45 !®Z  ♦  3* 

olein  acid;  4)  industrial  used  as  an  additive  of  complex  action. 

12  NIK  +  1.9 iX  stearate  of 

almlnua  +  0.015  polymethyl-  In  distinction  from  other  soaps, 

aHoxane  liquid;  5)  industrial 

12  NKZ$  6)  industrial  12  fSSZ  in  particular  c&lciun  bane,  stearate 

*  3#  chlorost  earine . 

lEf :  (a)  Viscosity,  cs;  (b)  and  oleostearate  of  alflana  readily 

‘Pwferature,  *C. 

dissolve  in  mineral  oils  in  any 
*  concentrations.  Therefbro,  samples  of 
oils  tested  by  us  constituted  stable 
solutions  of  high  degree  of  disper¬ 
siveness. 


11)3 


Oils  with  an  additive  of  aluminum  stearate  {2%)  have  high  anticorrosive 
properties  as  compared  to  special  oils  of  foreign  production,  containing  as  an 
anti-skip  additive  olein  acid  or  chlorinated  stearin  (in  concentration  3%).  During 
prolonged  storage  the  last  ones  partially  precipitated  (Fig.  l). 

B.  G.  Lur’ye  investigated  the  influence  of  different  additives  on  uniformity 
of  slow  shifts  and  friction  in  guides  on  a  specially  developed  ENH4S  stand, 
simulating  operational  conditions  of  work  of  guides. 


Fig.  2.  Dependence  of  coefficient  oi  friction  (f) 
on  sreed  of  slip  (cast  iron  -  cast  iron  friction 
pair) . 

Oils:  l)  industrial  45;  2)  industrial  45  +  10£ 
chlorinated  paraffin;  3)  industrial  45  +  3%  olein 
acid;  4)  AMS-3;  5)  industrial  20  +  10%  AMS-3;  6) 
industrial  12  +  1.6*  aluminum  stearate. 

KEY:  (a)  Coefficient  of  friction;  (b)  Speed  of  slip, 
mr./min;  (c)  Specific  load  2  kg/cm^. 


When  industrial  oil  45  (Fig.  2)  is  used  a  jump  of  coefficient  of  friction  is 
observed  during  transition  from  rest  to  motion  and  a  sharp  drop  of  it  with  increase 
of  speed  prior  to  beginning  of  transition  to  liquid  friction  (100  mrn/min). 

Oils  of  increased  viscosity,  for  instance  steam  engine  cylinder  oil  and  a 
mixture  of  cylinder  6  with  motor  oil  (1:4)  do  not  ensure  smooth  movement  at  low 
feed  speeds  (Table  l). 


*  ) : 


;) 


■v 


Table  1.  Magnitude  of  Skips  During  Friction  Depending  Upon  Sort  of 

Lubricant  and  Speed  of  Slip 

Conditions  of  tests  on  ENIKS  stand:  cast  iron  —  cast  iron 
friction  pair;  specific  load  2  kg/cnr;  rigidity  of  drive  37  kg/mm^ 


Oil 


Industrial  12 . 

Industrial  45 . 

Cylinder  6  (20$)  + 

+  motor  (80%) . 

Steam  engine  cylinder 

oil . 

Lubricant  AMS-3 
Industrial  45  +  3 $ 

olein  acid . 

Industrial  12  +  10$ 
AMS-3 . 

Industrial  20  +  10$ 

AMS-3 . 

Vnii  npH-401 . 


0.8 

5 

20 

110 

530 

1200 

0.29 

0.14 

o.o; 

0.08 

0.19 

0.35 

0.07 

0.03 

0.03 

0.12 

0.38 

0.01 

0.24 

0.12 

0.04 

0.08 

0.01 

0.01 

0.005 

0.005 

0.006 

0.005 

0.004 

0.005 

Movement  uniform 

0.00  | 

[  0.00  | 

0.005  I 

|  0.005  | 

0.01-0.12 | 

|  0.01 

Movement 

uniform 

Movement 

uniform 

Movement  uniform 


Table  2.  Accuracy  of  Manual  Vertical  Feed  of  Polishing  Circle 

in  Surface  Grinding  Machines 


No. 


Accuracy  of  vertical  feed  per  5  mm  when  the  guides 


machine 

OJ.  O  XUUi  XV/ttVCU 

Oil  industrial  20 

Oil  vnii  np-401 

1 

+16 

5-5 

5  +  2 

2 

+  28 

5—5 

5  +  2 

3 

5  +  5 

5  ±  2 

h 

5  +  3 

5  +  1.5 

5 

5  ±  5 

5  ±  1.5 

Industrial  oils  with  an  additive  of  aluminum  salts  of  high-molecular  fatty 
acids  give  low,  practically  constant  coefficient  of  friction  (Fig.  2)  that  ensures 
smoothness  of  slow  movement  in  the  whole  speed  range  and  necessary  accuracy  of 
calculated  shifts  (Table  2).  Additives  consisting  of  lithium  stearate  and  calcium 
salts  of  cotton  oil  and  hydrogenated  fat, turned  out  to  be  ineffective. 

A-  ■ '  ’  - . 


Ota  the  basis  of  results  of  work  conducted  on  creation  of  an  oil  ensuring 
lothness  of  alow  shifts  of  metal-cutting  machines,  was  developed  oil  mil  np-401 
(TO  bp  Ho.  26-66),  made  up  of  mineral  oil  of  average  viscosity  with  ~  2%  aluminas 
stearate  and  with  0.01#  anti  foam  additive  —  liquid  pns-200A  (VTU  No.  16-60). 


CHAPTER  III 

TECHNOLOGY  OP  PRODUCTION  OF  ADDITIVES 


* 


:-v. 
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stwthesis  i» p  tocmpmct  op  paooxmoii  op  wjlticcwoweijt 
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Additive  mil  np-3^0**  consists  of  t»  coapcnents.  One  of  components  — 

Ksritai  alkyl phenol ate  (mil  np-350)  —  possesses  washing  properties,  and  the  other  — 
sine  dlalkylphenyldlthiophosphate  (mil  np-354)  —  anticorrosive  and  antioxidant 
properties. 

As  antioxidant  addition  can  be  used  also  component  vnii  np-353  —  free  dialkyl- 
pheayldithiopbosphorlc  acid.  This  component  is  used  in  a  lumber  of  additives  in 
combination  with  component  vnii  np-350  (additive  vnii  np-36l)  or  aulfbnate  additive# 
(for  instance,  additives  PKSy^-353)* 

Initial  raw  material  for  synthesis  of  eorponents  is  alkyl  phenol ,  obtained 
daring  alkylation  of  phenol  by  olefins  containing  basically  8-12  atoms  of  carbon. 

»  4» 

Soch  alkyl  phenol  is  ased  for  tha  production  of  additive  tsiatln-339****  In  laboratory 
conditions  synthesis  of  components  of  additive  was  conducted  on  separate  narrow 
Auctions  of  alkyl  phenol,  separated  Awn  industrial  alkyl  phenol  fey  rectification 
in  vacuum. 


•All-Onion  Scientific  Research  Institute  for  Oil  and  Cas  Reflnls^  and  the 
Prodoc t ion  of  Synthetic  Liquid  Fuel. 

••Additives  designated  fey  rosdber  and  initials  of  institute. 

***Bd.  Rote:  Additive  la  designated  by  the  initial  standing  for  the  Central 
Scientific  Research  Institute  of  Aviation  FViels  and  Lubricants,  developers  of  the 


In  Pig.  1  Is  given  diagram  of  obtaining  of  add*  *  •*»«*  enii  n p-360. 

Component  mil  np-350  (baritm  alkyl phenolate )  Is  obtained  by  interaction  of 
alkylphenol  with  hydrate  of  barlur  oxide.  The  latter  ia  taken  in  atoichioretrical 
quantity  or  in  snail  surplus,  in  order  to  completely  replace  hydroxyl  groups  of 
alkyl  phenol.  Reaction  of  bariua  -  coating  is  conducted  during  dilution  of  alkyl  phenol 
by  oil,  use  of  which  is  connected  with  necessity  of  lowering  viscosity  of  reaction 
mass.  Furthermore,  durtn?  realization  of  reaction  in  oil  —  diluent,  the  best 
solubility  of  barium  alkyl  phenolate  is  achieved  and  its  mixing  with  other  components 
Is  facilitated. 

In  a  number  of  eases  completely  substituted  bariun  alkyl  phenolate  will  dissolve 
badly  in  oil.  With  increase  of  molecular  weight  of  initial  ulkylphenola,  the 
solubility  of  bariun  alkyl  phenolate*  is  increased.  Solubility  of  barium  alkylpheno- 
lates  is  changed  also  depending  or  structure  of  alkyl  radical  of  alkyl  phenol. 

It  is  characteristic  that  insoluble  baritui  alkyl  phenolate  is  completely  dissolved 
in  oil  with  addition  to  it  of  up  to  2C'  alkylfhenol  or  component  vnii  np-35V»  atnd 
also  in  gasoline,  bensene  and  other  solvents.  Quantity  of  bariun  alkyl  phenolate*  in¬ 
soluble  in  oil,  drops  with  increase  of  temperature  of  bariun  coating  and  duration 
of  nixing  of  barium  alkyl  phenolate  with  oil  at  increased  (130-140*)  temperatures. 

In  industry  It  is  expedient  to  obtain  barium  felkylphesolate  at  a  temperature 
of  130-140*  with  the  use  of  oil  -  diluent.  In  case  of  formation  ct  barium  alkyl- 
phenol  ate,  not  completely  soluble  in  oil,  one  should  dilute  the  component  with 
?■*:  Hne  or  any  othe**  light  solvent,  remo v-  mechanical  impurities  by  centrifuging 
a r.  1  sen  distill  off  the  solvent.  Such  a  diagram  of  obtaining  high-quality  barium 
alkyl  phenol  ate  is  checked  on  experimental  installation  of  VK11  HP  and  on  Industrial 
installation  of  Yaroslavskiy  Petrol e  an  Processing  Factory  naa.'d  after  Mendeleyev. 

Component  vnii  np-354,  possessing  antioxidant,  antiwear  and  antioorroslv* 
properties  —  tine  salt  of  dialkyl  phenyl  dlthiophosphorlc  acid,  —  is  obtained 
during  interaction  of  alkyl  phenol  with  phosphorus  pen  tasul  fide  and  with  subsequent 


treatment  of  obtained  product  with  ainc  oxide. 


m 


Pig.  1.  Diagram  of  obtaining  of  additive  Vnii  np-360. 

KEIj  (a)  Barium  alkylphenolate  (component  Vnii  nj>350); 
(b)  Alkyl  phenol;  (c)  Dialkylphenyldithiophosphoric  acid 
(component  foil  np-353);  (d)  Fart ;  by  weight;  (e)  Additive 
Vnii  np»360;  (f)  Zinc  dialkylphenyldithiophosphate  (coo- 
ponent  Vnii  np-354). 


During  interaction  of  alkyl  phenol  with  phosphorus  pentasulfide  at  a  temperature 
of  ®-330°*  acid  ester  of  dithiorhorphoric  acid  (component  V*m  VP-353)  will  be 
forced.  *.’ith  this  will  be  forced  also  small  amount  of  tarry  products.  Similar 
reaction  has  been  well  studied  for  aliphatic  alcohols  [1-5].  At  a  temperature 
below  8C-90*  the  process  proceeds  slowly.  At  a  temperature  higher  than  130°  flow 
of  side  processes  is  observed,  connected  with  further  conversion  of  diester.  One 
of  such  reactions  is  formation  of  thioanhydride  of  diester  of  dithiophosphoric  acid: 


a-" 
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In  the  course  of  this  process  the  content  of  sulfur  In  product  of  reaction 
decreases,  molecular  weight  is  increased  and  acid  nunber  (Table  l)  is  lowered.  Hith 
decrease  of  acid  nunber  the  possible  yield  of  needed  sine  salt  in  turn  decreases. 


Table  1.  Influence  of  Temperature  of  faction  on 
Properties  of  Component  V?1I  !fP-3 53  ♦ 
(duration  of  heating  2  hr) 


To  obtain  component  vnii  np-354  diester  of  dithiophosphoric  acid  (cooponent 
wii  np-353)  is  treated  by  zinc  oxide  at  a  temperature  of  00-90*.  Process  is 
conducted  In  oil  —  diluent  for  lowering  of  viscosity  of  neditr.  and  convenience  of 
realisation  of  technological  operations.  In  the  indicated  conditions  reaction 
proceeds  easily  and  there  will  be  formed  salt  of  dithiophorphoric  acid,  soluble  in 
oil,  which  can  be  checked  by  ash  content  of  product. 

Increase  of  temperature  during  treatment  by  sine  oxide  leads  to  lev-ring  of 
a?w  :■  n tent  of  component,  which  is  connected  with  conversion  of  dithiopborphorle 
•eld  Into  thioanhydridf.  of  acid,  as  was  described  above. 

Cosiponent  vnii  np-35t  after  treatment  by  sine  oxide  is  subjected  to  centrifuging 
flbr  removal  of  nechanical  impurities,  and  then  nixed  with  component  unit  np-350. 

fundamental  flow  diagram  of  obtaining  of  additive  vnii  np-360  is  listed  in 
Fig.  2.  Separate  assemblies  of  this  dlagraa  were  checked  during  development  of 


technology  of  additive  in  laboratory,  on  experimental  installation  of  VNII  NP  and 
on  industrial  installation. 


rig.  2.  Fundamental  diagram  of  production  of  additive 
vnii  np-360. 

A — assembly  of  absor^  ion  of  hydrogen  sulfide;  block 
of  centriftaglng  of  conponent  vnii  np-350;  C— block  of 
two- stage  centrifuging  of  component  vnii  np.304. 

1 — mixer  of  bariir*-coating ;  2 — vessel  of  mixing  of 
barltan  alkyl  phenol  ate  with  gasoline:  3 — settling  tank; 

4 — mixer  of  phosphorous-coating;  S— :  ixer  for  treatment 
by  ainc  oxide;  6— settling  tank;  ” — scn-rher;  8—  vessel 
for  alkali  solution;  9— heat  exchanger;  10— vessel  for 
additive  vnii  np^360;  11— vessel  for  component  vnii  nji-354; 
12— vessel  for  solution  of  con:on-*nt  vnii  np>35C  in  gaso¬ 
line;  13  -  vessel  for  dried  alkylrhenol  or  fraction  of 
alkylphenol;  14— mixer. 

KET:  (a)  Hydrate  of  bariwi  oxide;  (b)  Suspension;  (c)  To 
atmosphere;  (d)  Oil;  (e)  Gasoline;  (f)  Distillate  of  gaso¬ 
line;  (g)  To  vacuum  paip;  (b)  Distillate  of  gasoline  for 
dilution  of  barite  alkyl  phenol  ate. 


Rain  indices  with  respect  to  composition  of  additive  vnii  np-360  and  its 
components,  and  also  soee  physicochemical  properties  are  listed  in  Table  2. 


Table  2.  Characteristics  of  Additive  7?HI  KP-joO  and  its  Components. 


Properties 


Kinematic  viscosity  at  100*  t  cs 

Content,  5....^ . 

Ashes-. . 

Phosphorus . 

Sul  Air . 

Zinc . 

Barium . 1 . 

Water . 

Mechanical  impurities . 


Component 
vnii  np-350 


30-50 


17— IS 


10.5—12.0 


Component 
mil  np-3541 


19-25 

7-8 
2.4— 2.5 
5.0— 5.5 
2.3— 2.6 


Absence 
not  more  than  0.15 


Additive 
mii  nr- 

J± P_ 


13—20 

13.5—16.5 
0.75—1.0 
1.4— 2.0 
0.8— 1.0 
8.0— 9.5 


Estimate  of  operational  qualities  of  components  of  additive  was  conducted  by 
different  laboratory  methods  and  on  various  oils,  mainly  obtained  from  sulfur-bearing 
crudes. 

One  of  the  factors  determining  washing  action  of  additive  is  its  neutralizing 
properties  Below*  are  given  data  on  effective  neutralising  action  of  component  a 
and  their  compositions  (duration  of  effective  neutralisation,*),  obtained  radio- 
metrically  on  installation  RUM-1.  As  base  oil  is  used  lubricating  oil  AS-9.5  from 
sulfuruus  crudes.  Component  rail  np-353  and  vnii  np-354,  just  *s  base  oil  without 


a:? ‘live,  have  neutralizing  action  close  to  gero. 


AC-9.5  ♦  5*  vnii  nf-350 . 180 

( 

AC-9.5  ♦  5*  vnii  nf-350  *  additive 

1.5f  vnii  nF-353 . 25 

6.5*  vnii  np-353 . 3? 

S  9.0*  **il  ®P-353 .  0 

j  1.5*  vnii  np-354 .  40 

i  4.5*  vnii  np-354 . ....  32 


j 

|  ^Experimental  data  were  obtained  by  Tu.  S.  Zaslavskiy  with  colleagues. 
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From  the  given  data  it  is  clear  that  high  neut  ralising  action  cf  barium 
alkyl phenol ate  in  significant  measure  is  suppressed  by  addition  of  components 
vnii  np-353  or  vnii  np-354,  and  this  suppression  depends  on  concentration  of  the 

latter. 

During  the  study  of  stability  of  oils  AS- 5  and  AS-9.5  according  to  method  of 
VTI  (All-Union  "Order  of  the  fled  Banner  of  labor"  Scientific  flesearch  Institute  of 
Heat  Engineering  im.  F.  E.  Dzerzhinskiy)  it  was  shown  that  with  the  use  of  washing 
component  (bariur.  alkylfhenolate),  the  quantity  of  deposit  and  acidity  after  oxi¬ 
dation  significantly  is  increased,  while  with  the  use  of  components  vnii  np**353  and 
vnii  np-354  they  decrease.  Fixtures  of  barium  alkyl phenolate  with  components 
vnii  np-353  or  vnii  np-351i,  added  to  the  above-indicated  oils,  improve  characteristics 
of  oils  during  oxidation  according  to  VTI  as  compared  to  oils  without  additives. 

Data  obtained  during  oxidation  of  oils  AS-5  and  AS-9-5  at  temperatures  of  160 
and  100*  are  presented  in  Table  3. 

From  data  of  Table  3  it  in  clear  that  in  oils  with  bariur  alkyl  phenolate ,  in 
spite  of  its  high  neutralizing  properties,  acid  number  after  oxidation  is  higher 
than  ir.  oil  without  additive.  Such  a  phenomenon  can  be  explained  by  the  fact  that 
bariur.  alkyl  phenol  ate  promotes  oxidation  of  oil.  In  -resence  of  cocpxments 
vnii  np-350  and  vnii  np-35A  the  acid  mcr.bcr  after  oxidation  is  lower  than  samples  of 
oils  with  each  of  these  components  separately. 

Character  of  deposits  after  oxidation  is  different  for  samples  of  oils  with 
components  vnii  np-350  and  vnii  np-35A.  Here,  .Just  as  in  the  case  of  acid  number, 
there  is  observed  sharper  lowering  of  deposit-formation  in  the  presence  in  oil 
simultaneously  of  two  components. 

Interesting  ooservations  can  be  made  during  comparison  of  results  of  oxidation 
at  temperatures  of  160  and  10C*.  Acid  mnber  of  oil  without  additive  after  oxi¬ 
dation  is  increased  at  180*  almost  U  times  a?  compared  with  acid  marber  at  160*. 

In  the  case  of  oil  with  additive  vnii  np-360,  acid  number  remains  practically  the 
sane  during  oxidation  at  160#  and  100*. 


Table  3.  Stability  of  Oils  AS- 5  and  AS-9.5  Ouring  Oxidation  According 

to  Method  of  VTX 


Acid  msnber, 

mg  ItCH/g* 

Deposi 

t  after  oxidation, 

. _ * _ _ 

Oil 

Op  to  oxi¬ 
dation 

After  oxi¬ 
dation 

Total 

Hydro- 

xyaclds 

and  as- 

rhal teness 

Caifeenc 

and 

Carbolc 

Temperature  of  oxidation  160* 

AS-5  taw . 

0.02 

3.5 

2.5 

AS-5  with  additive : 

2.5*  vnii  np-350 . 

Aik 

10.0 

16.5 

5.0*  vnii  np-350 . 

Alx 

9.5 

25.7 

2.0 *  vnii  np-353 . 

0.49 

2.1 

1.8 

2.0*  vnii  np-354 . 

Aik 

2.5 

2.3 

2.5*  vnii  np-350  ♦  2.0? 

vnii  np-353 . 

Residual 

1.4 

1.2 

AS-y.5  base . 

0.015 

2.6 

1.2 

1.0 

0.2 

AS-9.5  with  additive: 

5.0*  vnii  np-350........ 

Aik 

10.8 

19.1 

19.0 

0.1 

2.0*  vnii  np-354 . 

0.64 

3.7 

0.28 

0.07 

0.21 

5.0*  vnii  np-350  +  2.0* 

vnii  np-354 . 

0.04 

3.3 

0.007 

0.007 

0 

Temperature  of  oxidation  180* 

AS-9.5  base . 

0.015 

10.3 

8.0 

3.0 

5.0 

AS-9.5  with  additive: 

20.0*  vnii  *»f-350 . 

Aik 

0.84 

38.2 

38.0 

0.2 

5.0*  vnii  np-350  +  2.0^ 

vnii  np-354 . 

0.04 

3.5 

7.0 

5.5 

1.5 

♦Acid  nwber  in  samples  of  oil  AS- 5  was  detemined  according  to  All-!*nion  State 
Standard  5965-51,  in  oil  AS-9.5  by  potent  iome trie  titrating  up  -o  PH-7. 


Thercooxid i  t  in*  *  stability  of  lubricating  oil  AS-9.5  according  to  method  of  Fapok 
practically  is  not  changed  during  addition  of  component  vnii  np-350.  Antioxidant 
cc-;\  lents  mil  np-353  and  vnii  np-354  cause  sharp  increase  of  thermal  stability 
(from  27  min  for  pure  oil  to  80-94  min  for  oil  with  component  vnii  np-353  or 
vnii  np-354).  ?!ixtx:re  of  components  vnii  np-350  and  vnii  np-353  give*  oil  high 
stability,  idiich,  however,  is  lower  than  for  components  vnii  np-353  or  vnii  np-354. 

In  all  cases  of  addition  of  indicated  components  the  quantity  of  vamixh  is  sharply 
lowered. 


Ota  the  basis  of  investigation  of  operational  properties  of  oils  with  separate 


components  and  their  mixtures  by  laboratory  methods,  additive  vnii  np  -360  was 
recccr.ended  for  ftarther  test  on  full-scale  engines.  This  additive  passed  short-tern 
and  prolonged  stand  tests  on  different  engines  (D-35,  YaAZ-204,  1TP-46,  SVD,  CAZ-51 f 
AD10C),  and  also  operational  tests  on  2D100  diesel  locomotive  engines  and  tractor 
■otors.  !^sults  of  tests  showed  higher  effectiveness  of  additive  vnii  np  -360  as 
coopered  to  additives  issued  at  present.  Additive  vnii  np -360  was  re corr. ended  for 
use  In  the  first  place  on  diesel  locomotive  engines  during  their  work  on  sulfurous 
diesel  fuel . 
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ALKYLATION  OF  PHENOL  BY  DI ISOBUTYLENE  IN  THE  PRESENCE 
OF  SOVIET-PRODUCED  CATION  EXCHANGE  RESINS  AS  CATALYST 

V.  I.  Isagulyants  and  G.  A.  Ivanov 
HINKh  i  GP* 

In  technical  literature  methods  of  alkylation  of  phenols  by  olefins  with  use 
of  such  catalysts  as  sulfuric  acid,  alumina,  phosphoric  acid,  altminun  chloride, 
benzosulfonic  acid  and  others  have  been  widely  illustrated.  However,  use  for 
majority  of  indicated  catalysts  was  not  found,  and  in  existing  industrial  method  of 
obtaining  alkylphenol  for  production  of  additives  and  certain  detergents  only 
benzosul fonic  acid  is  used. 

According  to  the  method,  after  termination  of  alkylation  benzosulfonic  acid  is 
removed  from  alkylate  latter  by  multiple  water  washings.  Washing  waters,  containing 
benzosulfonic  acid,  phenol  and  alkylphenol ,  before  emptying  into  sewerage  require 
special  purification,  which  brings  much  trouble  in  industrial  conditions. 

In  1952  in  laboratory  of  MINKh  i  GP  im.  Gubkin  one  of  us  showed  the  possibility 
of  a'kylatlon  of  phenol  by  olefins  with  the  use  as  catalyst  of  cationite  KU-2,  re¬ 
presenting  rulfonated  product  of  co polymerization  of  styrene  with  divinylbenzene 
[1-6]. 


•Moscow  Order  of  labor  of  the  Red  Banner  Institute  of  the  Petroleimt  Chemical  and 
Gaa  Industry  named  for  Acadimician  I.M.  Gubkin. 


Mechanism  of  catalytic  action  of  cationite  IP7-2  in  hydrogen  form  is  analogous 
to  the  action  of  acid  catalysts.  In  this  case  reaction  of  alkylation  proceeds 
sufficiently  rapidly  and  completely;  alkylate  is  easily  separated  from  catalyst  by 
simple  decantation  and  does  not  need  water  washing,  which  removes  formation  of 
liquid  waste  requiring  purification. 

Cationite  KU-2,  as  a  rule,  is  issued  in  sodium  font,  and  for  use  of  it  as 
catalyst  of  alkylation  conversion  into  hydrogen  fora  is  necessary.  Ion-exchange  and 
catalytic  properties  of  cationite  depend  on  completeness  and  speed  of  its  conversion 
to  hydrogen  fora. 

For  development  of  reliable,  easy  and  fast  method  of  preparation  of  cationite 
Ktt-2,  the  influence  of  different  factors  on  the  catalytic  activity  of  cationite  and 
speed  of  process  of  its  preparation  during  conversion  of  cationite  to  hydrogen  form 
are  studied,  namely: 

a)  concentrations  of  acids  (sulfuric  hydrochloric); 

b)  temperatures  of  acids; 

c)  rates  of  irapply  of  acids; 

d)  heights  of  layer  of  cationite  during  its  preparation; 

e)  temperatures  of  washing  water; 

f)  rates  of  supply  of  water  for  washing,  etc. 

As  a  result  of  conducted  research,  optimum,  conditions  were  found  of  preparation 
of  cationite  as  catalyst  for  alkylation  of  phenol  by  olefins  (di isobutylene  or 
polymer  distillate),  consisting  of  the  following. 

Weighted  portion  of  cationite  in  layer  of  6-7  cm  is  loaded  in  dividing  funnel 
and  is  processed  at  room  temperature  by  10*!  hydrochloric  or  sulfuric  acid  (technical 
or  pure)  with  rate  of  flow  through  cationite  of  5  ml/hr  of  acid  per  1  i  of  air-dry 
cationite. 

Treatment  by  acid  is  conducted  until  concentration  of  acid  issuing  from  funnel 
la  not  equal  to  concentration  of  fed  acid  (titrating  C.1M  with  solution  -aCH). 
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After  this  cationite  is  washed  in  this  way  by  distilled  water  with  speed  of 
5  «l/hr  of  water  per  1  g  of  initial  cationite  tip  to  neutral  reaction  of  water  on 


methyl  orange. 

By  this  method  in  one-liter  dividing  funnel  it  is  possible  to  prepare  after 
2  hr  45  min  50C  g  of  cationite  with  high  catalytic  properties.  Constrtption  of 
hydrochloric  acid  amounts  to  0.65  g  and  of  water  4  el  per  1  g  of  cationite  (Table  l). 
Fbr  t resident  of  cationite  10^  hydrochloric  acid  was  used. 


Table  1.  Influence  of  ?!ethod  of  Treatment  of  Cationite  on  Time  of  its 
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In  the  course  of  research  we  established  the  following: 

1.  Cationite  can  be  used  in  reaction  of  alkylation  both  anhydrous,  and  also 

r <>;<♦. 

2.  On  the  sane  catalyst  8-10  operations  of  synthesis  of  alkylphenol  can  be 
conducted. 

3*  Cationite  easily  yields  to  regeneration,  after  which  it  can  be  used  still 


for  10-12  operations  of  synthesis;  it  was  found  that  from  1  g  of  air-dry  cationite 
up  to  155  g  of  dry  alkylphenol  can  be  obtained. 


4.  Optimsn  quantity  of  catalyst  in  periodic  process  of  alkylation  is  4-6.5  wt 
of  initial  mixture  of  reayents. 

besides  this,  we  established  that  synthesis  of  alky! phenol  on  cationite  KtJ-2 
can  be  conducted  in  equipment  of  ferrous  metal,  since  the  reaction  mixture  does  not 
render  any  noticeable  corroding  action  on  steel;  in  turn  walls  of  steel  vessel  also 
do  not.  affect  the  speed  and  completeness  of  reaction  of  alkylation  and  the  quality 
of  obtained  produet. 

Alkylphenol  obtained  on  cationite  FJ-2  and  deterrents  'T-?  and  0  synthesized 
on  this  alkyl  phenol  completely  satisfy  requirements  presented  to  then. 

Cn  this  basis  we  carried  out  in  industrial  conditions  synth-sis  of  alkyl  phenol 
from  ph'Tioi  and  diisobutylene  on  cationite  XU-2,  and  the  obtained  alkyl  phenol  was 
processed  into  deterrent  ^P-10. 

Kaviny  obtained  rood  results  durinr  alkylation  of  phenol  by  diisobutylene  in 
the  presence  of  cationite  KV-2  as  catalyst,  we  proceeded  to  study  the  process  on 
continuous  device. 

Continuous  Vethod  of  Alkylation  of  Fhenol  by  Pi isobutylene  th* 

Presence  of  Cation!4 »  F*-2 

In  the  literature  is  described  the  use  of  cation  exchange  resins  as  catalysts 
in  processes  of  obtain  iny  esters  on  continuous  device. 

As  a  result  of  numerous  experiments  we  developed  diagram  of  installation  of 
alkylation  of  phenol  by  diisobutylene  in  fluidized  bed  of  catalyst  F’-2  (Piy.  l). 

Into  pressure  retort  1 ,  placed  in  water  bath  2,  is  poured  initial  mixture 
preliminarily  prepared  and  heated  to  60-70*  —  a  solution  of  phenol  ir.  diisoufoutylene 
consist iny  of  48  parts  by  weirht  of  phenol  and  100  parts  by  weiyht  of  di isobutylene. 
Tn  neck  of  pressure  retort  is  inserted  spherical  reflux  condenser,  cooled  by  water 
for  prevent  in*  of  impoverishment  of  mixture  of  low-boil  iny  (to  90*)  fractions  of 
hydrocarbons,  contained  in  diisobutylene  in  amount  to  y* ,  and  removal  of  phenol. 


!PtaB  pre—ure  retort  1  initial  mixture  by  glass  tube  through  regulating  cock 
proceeds  by  gravity  to  lower  part  of  reaction  coluan  3* 

Reaction  eoltmn  is  conical  tube  1000  cm  in  length,  with  internal  diameter  of 
bottom  20  m  and  top  3$  me,  with  spherical  expansion  on  top  of  colurtn  ISO  cm  in 
diameter  (separator  4).  Its  volume  is  540  sc. 

- 

Column  has  electric  heating.  In  it  is  loaded  280  g  of  cationite  in  hydrogen 
fora,  prepared  by  the  above  described  method. 

Synthesis  of  alkyl  phenol  on  indicated  installation  was  conducted  in  the 
following  manner. 

Initial  mixture  by  gravity  moves  to  bottom  of  eoltmn,  filled  with  catalyst,  at 

i  a  speed  of  2.5-5. 5  rrl/hr  per  1  g  of  catalyst.  Temperature  in  eoltmn  was  maintained 

) 

within  limits  of  120-150*.  Tue  to  boiling  away  of  part  of  low-boiling  hydrocarbons 
and  rate  of  flow  af  mixture  from  bottom  to  top  the  catalyst  is  in  suspension 

$ 

j  (fluid! ted  bed)  and  thus  works  all  over  its  surface. 

Reaction  mixture  together  with  part  of  catalyst  suspended  in  it  gets  into 
separator  4,  where  as  a  result  of  sharp  loss  of  rate  or  flow  and  lowering  of  temper¬ 
ature  completely  is  liberated  from  suspension  of  catalyst  and  through  condenser  5 
enters  recover  6. 

Alkylate  collected  in  receiver  is  subjected  to  diet  illation.  Basically 
excess  diisobutylene  only  is  driven  off.  Remainder,  depending  on  its  assignment, 
car  be  used  as  such  or  be  subjected  to  distillation  for  separation  of  traces  of  phenol. 

ualitative  indices  of  alkyl  phenol,  obtained  by  different  nethods  end  on 
dlff*.  ent  catalysts,  are  given  in  Table  2  and  3. 

F*om  the  tables  it  is  clear  that  qualitative  indices  of  alkyl  phenol ,  obtained 
on  diisobutylene  by  different  methods,  are  very  clone. 

During  investigation  of  reaction  of  alkylation  of  phenol  by  continuous  method  in 
oolimn  with  pseudo  fluid  ixed  bed  of  catalyst  the  influence  of  different  factors  is 

studied  on  course  of  process  and  completeness  of  reaction  and  quality  of  obtained 
product. 
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Table  2.  dependence  of  Quality  of  Alkylphenol  on  Method  of  Obtaining  it  and 

Catalyst  Used 


Table  3-  Indices  of  Quality  of  Alkyl rhenol,  Obtained  by  Different  ?'ethods 


n 


i  . 


Rg  At  *  temperature  up  to  120* 

S  reaction  of  alkylation  proceeds 

incompletely  and  in  reaction  r.ixture 
there  resains  up  to  8-10*?  of  non- 
|J  reacting  phenol.  Optimum  temperature 

y  /♦  of  process  is  120-135*.  Bo  noticeable 

A  t  /  *  Irrrorerents  of  process  with  increase 

w*'  c4  * 

\1/  .  of  this  tenrerature  are  noted. 

^ 

"!  I  f  _!L  Optiaan  rate  of  supply  of 

’  I  j 

i*  /M/g*  |  mixture  is  3-5 -4.4  ml/hr  of  catalyst. 

;  ^  I  Smaller  rates  (to  0.5  rl/g  hr)  eery 

I  /  /j 

Hjr  insignificantly  decrease  the  content 

Fig.  1.  Piagrar  of  installation  of  residual  phenol  in  reaction  mixture, 

of  continuous  alkylation  of 

phenol  on  Kl-2  i_-  fluidized  bed.  and  hirh  rates  (to  5  ml/g  hr)  do  not 

ITTT:  (a)  To  laboratory  auio- 

transfomer.  give  reliable  separation  cf  alkylate 

from  catalyst  and  cause  splashing  over 
of  catalyst  in  receiver. 

Ifith  */e  use  of  initial  r.ixture  /  impoverished  by  di isobutylene,  content  cf  non- 
reacting  (residual)  rher.ol  in  reaction  rlx*-ur»  increases  as  compared  with  the  use  of 
corral  mixture  of  composition  — -  4.8  parts  by  weight  of  phenol  per  100  parts  by  weight 
of  diirobutylene  (or  in  rolar  ratios  1:  1.8),  and  namely  0.4-0.6*  with  mixture 
U  '■! -t'  and  C.5-1.2^  with  mixture  48/50  (Table  4).  field  of  special  purpose  product 
cn  rh  col,  as  was  shown  in  Table  4,  decreases.  It  was  determined  that  optimum  molar 
ratio  of  phene!  * -  diisobutylene  is  1  :  1.8.  In  conditions  of  eontinuous  process 
catalyst  can  work  still  50  hr  and  rare.  Fron  1  g  of  anhydrous,  catalyst  can  be  ob¬ 
tained  arouni  3CO  r  of  dry  alkylphenol.  Tatalyst  can  be  used  both  anhydrous,  and 


r  '■ 

Fig.  1.  Piagrar  of  installation 
of  continuous  alkylation  of 
phenol  on  KV-2  In  fluidized  bed. 
ITT:  (a)  To  laboratory  auio- 
trans  former. 


also  without  preliminary  drying,  containing  ur  o  4.0*  noiature. 


.**5*. 
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Table  4 .  Dependence  of  Yield  of  Dry 
Alkylphenol  on  Composition  of 
Initial  Mixture 

Continuous  method  of  ob¬ 
taining  alkylphenol. 

Catalyst  KU-2 . 


Composition  of 
initial  mixture 
of  diisobuty¬ 
lene/phenol, 
parts  by  weight 

Obtained  dry 
alkylphenol,  g 

i 

X  0 

°HH 

T3  0  0 
<H  C  C 
a>  ft)  o 
•h  x:  jc 

>1  P.  P, 

Flash  point  of 
alkyl phenol,  °C 

100/48 

1 

152 

i 

107 

119.5 

90/48 

152.5 

100.1 

116.2 

80/48 

160.5 

97.5 

122 

Under  the  above- inaicnV 1  conditions  the  productivity  of  installation  with 
volume  of  reaction  space  of  540  rr.  amounts  to  753  g/hr  of  dry  alkylphenol  or 
1.394  g/hr  of  alkylphenol  with  1  cm3  0f  reacti0n  column,  which  more  than  18  times 
exceeds  the  yield  as  compared  to  periodic  process  on  catalyst  KU-2  and  almost  35 
times  on  catalyst  BSK. 

Fitness  of  obtained  alkylphenol  for  production  on  basis  of  it  of  detergents 
OP-7  and  0P-10  was  investigated*. 

In  examining  qualitative  indices  of  detergents  0P-7  and  0P-10,  obtained  on 
alkylphenols  by  different  methods  of  manufacture,  it  i3  clear  that  they  do  not 
essentially  differ  from  each  other  and  completely  satisfy  requirements  of  TU 
(Technical  Instructions)  for  these  products.  Besides,  one  should  note  that  moistening 
properties  (determined  by  coal  dust)  of  OP-7  and  0P-10,  synthesized  on  alkylphenols 
obtained  by  periodic  method  on  catalyst  BSK,  are  significantly  worse  than  properties 

^Successful  use  of  alkylphenols  obtained  by  alkylation  of  phenol  by  diisobutylene 
in  the  presence  of  cationite  KU-2  for  the  production  of  alkylphenol  additives  is 
reported  in  separate  work. 


AX’O 


ni* 


i  of  these  substances  synthesized  on  alkyl  phenols  obtained  on  catalyst  KU-2.  Apparently, 

; 

:  here  the  Influence  of  significant  amount  of  ditertiaey  aklyl derivatives  obtained 
daring  synthesis  of  slkylphenol  on  SCK,  shows.  Conducted  investigations  of  qualita¬ 
tive  indices  of  final  products  CP-'r  and  0P-10  show  complete  fitness  of  aklylphenol 
obtained  on  catalyst  KU-2  both  by  periodic,  and  also  by  continuous  methods. 

It  was  determined  that  consumption  coefficients  with  respect  to  raw  material 

than/ 

with  continue  us  method  on  phenol  and  catalyst  are  significantly  lower  Aith  periodic 

i 

■ethod  on  BSK  (Table  3)-  Consumption  of  diisobutylene,  increased  by  10?,  cannot  be 
considered  with  this,  since  diisobutylene  removed  during  vacuirt  distillation  of 
alkylate  can  be  completely  returned  to  production  for  preparation  of  initial  mixture. 


5 

Pig.  2.  Piagnme  of  experimental  installation  for  alkylation 
•f  phenol  by  continuous  method. 

1— ctearurlng  device  of  phenol;  2— r*easurf  ng  device  of  isoocty- 
f  Ions;  3— mixer;  U — pressure  tank;  5— reflux  condenser;  *►— 

separator;  7 — reaction  colira;  ft— heat  exchanger;  9— collector 
•f  raw  alkylphenol;  10— pressure  tank  of  alkali;  11— centrifuge 
psp;  12 — separating  column;  13— condenser;  14— separating  flask; 
15— collector  of  dry  alkyl  phenol. 

KET:  (a)  Vacuum. 


Ob  the  basis  of  conducted  research  a  diagram  of  experimental  Installation  for 
obtaining  tert-octyl phenol  by  continuous  method  was  suggested  (Fig.  2). 

Productivity  of  new  method  of  obtaining  tert-octyl  phenol  by  alkylation  of 
phenol  by  diisobutylene  according  to  continuous  system  in  pseudofluidited  bed  of 


^  *  *'• 


K.*~  1 


catalyst  is  18  times  greater  during  work  on  the  sane  catalyst  in  static  conditions 
and  34  tines  greater  as  compared  to  existing  industrial  process  with  the  use  of 
benzosulfonic  acid  as  catalyst. 

New  system  of  obtaining  alkyl phenol  guarantees  quantitative  conversion  of 
phenol  and  excludes  formation  of  harmful  phenol  liquid  waste  and  use  of  acid-resistant 
equipment. 


Conclusions 

1.  Alkylphenol  obtained  by  new  method  is  mono alkyl phenol  (tert -octyl phenol), 
which  is  fully  usefol  for  production  of  alkylphenol  additives  and  detergent  of  type 
OP-7  and  01-10. 

2.  With  respect  to  moistening  properties  detergents  on  a  base  of  alkyl  phenols 
obtained  by  new  method  exceed  corresponding  detergents,  obtained  in  industry  on  a 
base  of  catalyst  BSK.  This  is  explained  by  absence  of  alkylphenol  of  polyalkylated 
compounds,  since  catalyst  KU-2  used  in  new  method  acts  selectively  and  excludes  the 
possibility  of  formation  of  polyalkylated  compounds. 

» 
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PRODUCTION  OF  OIUSOLUBLK  SULFONATES  BY  MEANS  OF  SULFONATIOR 
OF  MINERAL  OILS  BT  LIQUID  SULFURIC  ANHYDRIDE  IN  SOLVENTS 

A.  ??.  Ravikovich,  G.  C.  Vinner,  N.  I.  Yevstratova, 

A.  L.  Del 'berg,  and  Yu.  N.  Shekhter 
Factory  "Neftegaz” 

Oil-soluble  petrol eur  sulfonates  at  present  are  widely  used  in  the  following 
basic  directions  [1-5] : 

1)  detergent-dispersive  additives  to  lubricating  oils,  mainly  calcirrr  and 
bariin  sulfonates; 

k)  rust  inhibitors  for  oils,  mainly  sodiun,  calcium,  barium  and  zinc  sulfonates; 

3)  c— ..rlsifiers  of  oils,  mainly  sodiur  sulfonates. 

Moscow  factory  "Neftegaz"  produces  oi.3  neftegaz-203,  protecting  fror.  rusting, 
which  contain  as  rust  inhibitor  composition  —  basic  calcium  sulfonate  (3  parts)  and 
oxidised  petrolatum  (2  parts).  These  oils  by  their  own  protective  action  significantly 
ex>:-  d  existing  liquid  preservative  lubricants  (5®',  59,  59ts,  K-15,  UTL-1,  Rujiena 
and  :Jiena  liquid).  Calcium  sulfonate  for  oils  neftegaz-203  is  obtained  by 
sulfonation  of  oils  of  selective  f unification  from  crudes  of  eastern  regions  of  USSR 
with  viscosity  of  5-7  cs  at  IOC*  and  with  oolecular  weight  of  350-400  (for  instance, 
oils  A5-5  and  industrial  50)  by  sulfuric  anhydride  in  solution  of  liquid  sulfurous 
acid  anhydride  on  experimental  industrial  installation  of  factory  "Neftegaz”, 
which  is  described  below. 


For  preparation  of  oil -soluble  sulfonates  as  additives  to  lubricating  oils, 
initial  raw  rateria!  is  mineral  oils  with  molecular  weirht  of  350-700  (for  instance, 
AS-5,  AS-9.5,  industrial  50,  !%01,  !3C-22,  and  steam  enrine  cylinder  oil),  containing 
significant  amount  (more  than  yy*  of  alkyl-  or  naphthene  -  aromatic  hydrocarbons, 
which  rive  during  sulfor.atior  alkylarylsulfonates.  Hydrocarbons  contained  in  oils, 
not  having  aroratic  nuclei  in  molecule  (paraffin  and  naphthenic),  do  not  give 
sulfonates  and  are  little  touched  by  sulfonating  agent.  Aroratic  hydrocarbons  of 
oil  fractions  of  crude  contain  one  or  several  aromatic  rings,  which  can  be  united 
with  naphthene  rings  and  (or)  with  lateral  paraffin  chains;  aroratic  rings  can  be 
condensed,  as  for  napthalene  or  phenanthrene ,  or  isolated,  as  for  diphenyl  methane. 

Tn  petroleum  fractions  mixed  naphthene  aroratic  hydrocarbons  are  frequently  met. 

To  obtain  oil-soluble  sulfonates  mononuclear  alkyl  aromatic  ^carbons  suit 
most  of  all.  Polycyclic  compounds  with  short  alkyl  chains  give  sulfonates,  not 
soluble  or  little  soluble  in  oil.  Fxperience  of  installation  of  factory  ’’K’eftegas" 
shows  that  as  raw  material  for  production  of  sulfonate  additives  to  lubricating  oils 
can  serve  both  distillate  and  residual  oils  of  selective  purification  from  eastern 
crudes,  and  also  oils  from  Paku  crudes. 

Oil-soluble  petroleum  sulfonates  were  obtained  basically  as  byproducts  during 
deep  oleum  purification  of  mineral  oils  —  white,  transformer  and  turbine  (1-4). 

With  such  purification  raw  oil  (distillate)  is  mixed  at  20-50*  with  oleum  (1C-2C*) 
in  amount  of  5-1 5**  of  oil.  Acid  tar  is  separated  by  means  of  settling  or  centrif¬ 
uging:  such  a  treatment  is  repeated  several  tires.  Oil-soluble  sulfonates  are  stored 
in  oil  layer  and  after  last  treatment  by  oleum  are  extracted  from  it  by  aqueous 
ethanol  (for  instance,  $C>?)  or  by  another  alcohol  containing  caustic  soda.  Since 
sulfo  acids  during  oleum,  treatment  are  partially  destroyed,  then  for  increase  of 
their  yield  extraction  is  conducted  of  oil  layer  not  only  after  final  portion  of 
oleum,  but  also  after  one  or  several  intermediate  treatments  with  oleum.  With 
content  in  initial  raw  material  of  40-50^  sulfor.iting  hydrocarbons  the  yield  of 


sulfonates  by  given  method  does  not  exceed  8*  (usually  it  is  equal  to  around  5*0  • 

Recently  petroleum  sulfonates  began  to  be  obtained  as  special  purpose  products 
by  means  of  sulfo nation  of  mineral  oils  with  oleum.  In  literature  start  in  1957 
of  one  installation  in  Canada  and  three  in  the  United  States  in  the  production  of 
sulfonates  is  reported;  reactors  with  energetic  mixing  and  heat  removal  (Votator) 
are  used  [6,  7]. 

there  is  a  significant  number  of  patents  and  wcrks  on  sulfonation  of  mineral 
oils  and  synthetic  alkyl  aromatic  hydrocarbons  with  gaseous  sul furic  anhydride 
[8-10];  sulfuric  anhydride  diluted  by  inert  gas  (chiefly  nitrogen)  is  used. 

Sulfonation  of  oils  by  sulfuric  acid,  oleum  or  gaseous  sulfuric  anhydride  occurs 
in  immiscible  phases  of  oil  and  acid,  which  significantly  lowers  the  speed  of 
sulfonation  (which  is  determined  by  speed  of  dissolution  of  hydrocarbon  in  acid 
[11]).  To  achieve  sufficient  depth  of  sulfonation,  significant  surplus  of  acid  is 
taken,  contrary  to  theory  (5-15  roles  per  1  mole  of  sulfonated  hydrocarbon).  Such 
conditions  of  sulfonation  lead  to  side  reactions  (oxidation  and  resinification  of 
hydrocarbons  and  sulfonic  acids),  lowering  the  yield  of  sulfonic  acids,  and  formation 
of  significant  amount  of  acid  tar  —  waste  requiring  significant  expenditures  for 
liquidation . 

Of  the  given  methods  the  most  absolu  is  sulfonation  in  Votators,  which  is 
carried  out  during  snort  time  of  contact  of  oleum  and  oil  (around  1  min)  during 
cooling,  dua  to  which  side  reactions  decrease.  However,  it  is  necessary  nevertheless 
tc  us  i  significant  surplus  of  oleum  and  with  this  much  acid  tar  will  be  fonned. 

t  is  significantly  more  convenient  to  conduct  sulfonation  with  liquid  ~ul furic 
anhydride  in  solvent  —  with  liquid  r-»lforous  acid  anhydride  [12-18]  or  chlorinated 
hydrocarbons  [19,  20].  Hith  such  sulfonation  homogeneous  phase  of  sulfonated  agent 
and  oil  will  be  formed  (in  case  of  chlorinated  hydrocarbons)  or  well  contacting  and 
partially  mixed  phases  of  sulfonated  agent  and  hydrocarbons  (in  case  of  liquid 
aulfurous  acid  anhydride),  thanks  to  which  reaction  of  sulfonation  proceeds 


practically  instantaneously  and  yields  of  oil-soluble  sulfonic  acids  are  obtained 
3-4  tin^s  higher  than  with  the  use  of  sulfuric  acid,  oleum  or  gaseous  sulfuric 
anhydride.  During  sulfonation  in  presence  of  solvents  acid  tar  will  not  be  formed, 
and  sulfonic  acids  are  obtained  purer.  Equipment  for  sulfonation  is  highly  productive; 
consumption  of  sulftiric  anhydride  amounts  to  1.5-2  moles  per  1  mole  of  sulfonating 
hydrocarbon,  which  is  3-7  times  less  than  with  the  use  of  sulfuric  acid  or  oleum. 

Sulfonation  by  sulftiric  anhydride  in  solution  of  liquid  sulfurous  acid  anhydride 
is  accomplished  by  mixing  10-1 5!*  indicated  solution  with  oil:  adding  more  solution 
of  sulfuric  anhydride  to/>il,  which  is  in  the  reactor,  or  mixing  flows  of  oil  and 
solution  of  sulfuric  anhydride*. 

Convenient  construction  of  mixing  apparatus  was  suprested  by  A.  I.  Cershenovich 
[16];  it  is  used  on  installation  of  factory  "Neftegaz”  (Fig.  l).  Into  pan  3  there 
proceed  through  pipe  2  flow  of  oil  and  through  pipe  1  flew  of  solution  of  sulfuric 
anhydride  in  liquid  sulfbrous  acid  anhydride.  Apparatus  works  under  atmospheric 
pressure.  Cone-mixer  4  open  from  below,  which  revolves  on  axis  3  fastened  to  bearing" 
12  with  stuffing  box  seal,  with  the  help  of  electric  motor  14  with  speed  of  1450  rpm 
sucks  upward  liquid  from  pan  3»  mixing  it  simulrar  iously.  Through  holes  16  mixture 
is  thrown  out  onto  wall  of  cylindrical  body  6  and  or.  it  flows  into  discharge  branch 
pipe  8.  During  mixing  of  oil  with  solution  of  sulfuric  anhydride,  reaction  of 
sulfonation  of  aromatic  hydrocarbons  occurs,  with  which  heat  is  given  off 

kcal/role).  Owing  to  the  temperature  of  oil  20*5  and  heat  of  reaction, 
part  of  liquid  sulf\jrous  acid  anhydride  is  evaporated,  maintaining  by  this  temperature 
of  reaction  at  -10*  (temperature  of  evaporation  of  liquid  sulfurous  acid  anhydride). 
Evaporated  sulfurous  acid  anhydride  is  taken  out  through  branch  pipe  9.  With 

*Advantape  of  method  of  sulfonation  with  sulfuric  anhydride  in  the  presence  of 
liquid  sulfurous  acid  anhydride  expounded  by  author  over  other  known  methods  of 
sulfonation  is  debatable  and  requires  further  researcn.  In  resolution  of  conference 
on  additives,  the  equivalence  of  all  developed  methods  of  sulfonation  from  the  point 
of  view  of  quality  of  obtained  final  product  was  noted,  and  the  fact  that  expediency 
of  application  of  one  or  another  method  of  sulfonation  should  be  determined  by  local 
conditions  and  economics  of  production.  (Editor'  note). 


indicated  dimensions  of  body,  400  x  8300  im,  the  productivity  of  apparatus  is  around 
90  kg/hr  of  oil. 


Fig.  1.  Sulfonating  apparatus. 
1— pipe  for  feed  of  sulfo 
mixture;  2— pipe  for  feed  of 
oil;  3— 4— cone-mixer;  5 — 
axis;  6— body;  7 — cover;  8— 
branch  ripe  of  discharge  of 
sulfb  mass;  9 — branch  pipe  of 
discharge  of  S02;  10,11— -branch 
pipes  of  intake  and  discharge  of 
brine;  12— bearing  with  stuffing 
box  seal;  13— -connecting  muff; 
14— electric  rotor;  15— casing; 
16— hole. 


in  the  latter  form  it  is  solid  product  with 
transition  of  liquid  sulfuric  anhydride  into 


fundamental  flow  diagram  of 
installation  of  factory  "Neftegaz* 
is  shown  in  Fig.  2.  Sulfuric 
anhydride  is  driven  off  from  205" 
oleum  and  condensed  at  32*  (on 
diagram  it  is  not  shown).  Liquid 
sulfuric  anhydride  is  gathered  in 
container  K^,  whence  it  along  line 
1  periodically  is  passed  into  mixer 
4 1  (during  work  of  mixer)  on  layer 
of  sulfurous  acid  anhydride  already 
available  in  it.  Liquid  sulfuric 
anhydride  in  «  -form  has  melting 
point  of  16.8*  and  boiling  point 
of  44.8*.  At  a  temperature  of 
25*  • -forte  passes  into  0suid  r-fora 

sublimation  point  of  62.5**  To  avoid 
T-forr.  and  its  solidification  through 


cond-rser  a:  sulfuric  anhydride  (in  diagram  it  is  not  shown),  casing  of  container 
•  j  lines  17  and  18  and  cast  ;  of  line  1  (not  shown  on  diagram),  oil  with  temper- 

ad;:-  of  31-73*  is  circulated.  liquid  sulfurous  acid  anhydride  is  kept  in  con*airer 
Kj,  throurh  casir.r  v»f  which  on  lir.e  19  circulates  brine  of  ealelut  chloride  with 
temperature  of  -20*.  From  container  liquid  sulfurous  acid  anhydride  as  needed 
is  passed  along  lir-  2  into  mixer  Ax.  Through  pan  of  mixer  Aj  on  lines  20  an«!  21 
cooling  brine  circulates. 


Sulfbnating  rixture  is  prepared  by  nixing  8  volumes  of  sulfurcus  acid  anhydride 


and  1  volume  of  sulfuric  anhydride.  Prepared  mixture  from  mixer  A^  along  line  3  by 
gravity  joins  sul  fonating  apparatus  C.  Flow  of  fed  sulfo  mixture  is  regulated  by 
rotameter  Simultaneously  into  sul  fonating  apparatus  is  fed  oil  from  container 
Kj  a'ong  line  4  through  rotameter  Pj.  during  sulfonation  of  oil  AS-5  (rolecular 
weight  370)  from  crudes  of  eastern  regions,  the  consumption  of  sul furic  anhydride 
amounts  to  around  10^  with  respect  to  oil  or  around  46*  molecular  with  actual  content 
of  40-50*  aromatic  hydrocarbons  in  oil.  Sulfonated  oil  in  mixture  with  unevaporated 
part  of  sul furous  acid  anhydride  proceeds  by  gravity  from  apparatus  C  along  line  5 
into  0*  earn- re  finer  A in  which  sul  furous  acid  anhydride  is  evaporated  during  work 
of  mixer  and  circulation  of  water  (with  temperature  of  tO-0®0)  in  casing,  passing 
on  lines  22  and  23. 


Fig.  2.  F\md amenta!  flow  diagram 
of  installation  of  factory  ""eftegac". 
H:  (a)  Sulfbric  anhydride;  (b) 
'^astej  (c)  Protective  oil  rO-2C3. 


Vapor  of  sul  furcus  acid 
anhydride  from  apparatus  C  along 
line  6  and  from  steam-refiner  along 
line  7  go  to  purification  column  K, 
containing  packing  from  Taschig  rings 
for  catching  drops  of  oil  and  products 
of  sulfonation  carried  away  with 
sulfurouc  acid  anhydride.  With 
necessity  column  K  can  be  sprinkled 
with  cold  low-viscosity  oil  along 
line  24,  lowering  oil  along  line  25. 
lurified  vapor  of  sul  furous  acid 
anhydride  from  col  urn  K  enters 
condenser  T,  through  which  circulates 
brine  (t  »  25*)  along  line  26. 
l  iquid  sul  furcus  acid  anhydride  from 


km 


Purlnf  starting  of  installation 


|  condenser  T  along  line  27  enters  container 
sulfurous  acid  anhydride  is  loaded  along  line  28  fron  bottles. 

Containers  -3  and  mixer  A^  have  at  the  top  gas-outlet  lines  (on  diagram  they 
are  not  shown),  proceeding  into  gas-coil ec-ing  colum.  Sulfonated  oil,  steam- refined 
in  steam-refiner  A2  will  divide  usually  into  tvo  layers.  Lower  layer  (for  oil  AS- 5 
around  20^  of  mixture)  contains  formed  disulfoacids,  part  of  monosuloacids,  giving 
during  neutralization  oil-soluble  sulfonates,  and  small  amount  of  sulfuroua  acid 
and  sulfuric  anhydrides.  Upper  and  lower  layers  are  neutralized  together  with  excess 
of  milk  of  line  with  concentrations  around  25*  from  calculation  of  6-8*  calcium  oxide 
in  initial  oil.  V.’ith  neutralization  of  only  the  upper  oil  layer  the  yield  of  oil- 
]  soluble  sulfo  acids  amounts  to  around  *0*  fron  that  obtained  during  Joint  neutral i- 
|  xation.  For  possibility  of  pumping  lower  thick  layer  from  steam-refiner  in  it 

j  there  is  conducted  in  the  beginning  partial  alkalization  of  10-20*  of  entire 

i 

!  quantity  of  milk  of  lire,  proceeding  along  line  8.  Puring  partial  alkalization 
there  will  be  formed  uniform  mobile  emulsion,  which  from  stean-refiner  k2  is  pumped 
by  pxarp  H  on  lines  9  and  10  into  mixer  A^.  In  mixer  along  line  11  remaining  amount 
of  milk  of  lime  is  added  and  then  water  is  evaporated  by  heating  the  mixture  to 
140-150*.  Steam  is  drawn  off  along  lire  12. 

Apparatus  A^  Is  warned  by  hot  steam  .gine  cylinder  oil  (200-250*),  circulating 
on  lines  29  and  30«  Pehydrated  product  with  temperature  of  130-140*  proceeds  by 
gravity  along  line  13  to  centrifuge  ?s-l  of  basket  type  (TV-600),  where  it  is 
centr  ifuged  5-6  times  by  means  of  circulation  of  product  with  the  help  of  purp 
thr..  gh  intermediate  containers  (on  diagram  they  are  not  shown).  FVirther  the 
i  product,  proceeding  along  line  It,  at  the  san-  temperature  3-4  times  is  centrifuged 
on  supercentrifuge  Ts-2  (SOS 100  x  750),  where  finally  mechanical  impurities  are 

i 

\ 

removed  and  concentrate  of  basic  calcixr-  sulfonate  is  obtained  (see  table).  In  the 

1 

\  case  of  oil  AS-5  ar.d  AS-9.5  from  eastern  crudes,  the  content  in  concentrate  of 
i  neutral  calcium  sulfonate  is  20-35*. 


To  obtain  protective  oils  Teftef az -203 concentrate  of  calcium  sulfonate  along 
line  15  by  prop  ^  ******  to  apparatus  A^,  in  which  at  130-150*  it  is  mixed  with 
oxidized  petrolatur  and  oil -diluent,  and  mixture  is  passed  along  line  16  through 
supercentrifbge  Ts^  1-2  tires. 

Sulfonation  of  aromatic  hydrocarbons  of  oil ,  in  spite  of  surplus  of  expended 
sulfuric  anhydride,  goes  only  50-60“*,  which  was  calculated  both  by  analysis  of 
concentrates,  and  also  by  content  of  aromatic  hydrocarbons  in  oils  (20-25^),  obtained 
from  concentrates  after  extraction  from  them  of  sulfonates.  During  sulfonation  part 

m 

of  aromatic  hydrocarbons  are  sulfonated  to  disulfoacid3,  which  give  oil  in  soluble 
sulfonates  and  are  removed  fron  concentrate  during  treatment  by  lime. 

According  to  ^he  given  diagram  of  work,  th*  process  is  continuous  only  in  stage 
of  sulfonatioi  ;  subsequent  stages  are  periodic.  Sulfonated  mixture  is  very  viscous 
and  is  stratified  into  two  layers;  therefore  it  is  impossible  to  steam-refine  it 
from  sulftirous  acid  anhydride  continuously  by  means  of  circulation  in  plate  column. 
High  viscosity  of  concentrate  also  hamper?  continuous  removal  from  it  of  water  in 
coltmm.  ’be  of  mutual  low-viscosity  solvent  of  both  layers  of  sulfonated  oil  wholly 
remover  these  difficulties  in  realization  of  continuous  process.  As  mutual  solvent 
xylene  fraction  of  pyrolysis  was  checked,  *rith  dilution  by  it  (for  instance,  1  :  l) 
of  sulfonated  oil,  uniform  loose  mass  is  obtained;  yield  and  quality  of  concentrate 
with  its  treatment  do  not  differ  from  that  obtained  without  diluent. 

As  mutual  solvents  can  also  be  used  chlorinated  hydrocarbons  —  dichloroethane, 
trichloroethylene,  tetrachloroechylene ,  carbon  tetrachloride,  chloroform  and  others. 

Chlorinated  hydrocarbons,  as  mentioned  above,  are  used  as  diluent  of  sulfuric 
anhydride  instead  of  liquid  sulfurous  acid  anhydride.  It  is  possible  to  use  also 
low-rolecular-weight  fluorinated  hydrocarbons  or  chlorinated-fluorinated. 

We  investigated  laboratory  sulfonation  of  oils  in  the  following  variants: 

l)  solution  of  sulfuric  anhydride  ir.  dichloroethane  and  solution  of  oil  in 


dichloroethane ; 


2)  solution  of  sulfuric  anhydride  in  liquid  sulfurous  acid  anhydride  and 
solution  of  oil  in  dichloroethane; 

3)  solution  of  sulfuric  anhydride  in  carbon  tetrachloride  and  solution  of  oil 
in  carbon  tetrachloride; 

4)  solution  of  sulfuric  anhydride  in  liquid  sulfurous  acid  anhydride  and 
solution  of  oil  in  carbon  tetrachloride. 

With  the  use  of  only  chloro hydrocarbon  solvents  during  reaction  it  is  necessary 
to  renove  heat;  this  can  be  done  by  ordinary  water.  With  the  use  of  2  parts  of 
solvent  per  1  part  of  oil  the  reaction  is  carried  out  easily  even  at  20-30*. 

Sulfonation  in  identical  conditions  in  the  presence  of  solvent*,  according  to 
the  indicated  variants  showed  that  dichloroethane  and  carbon  tetrachloride  give 
approxinately  identical  results  (with  respect  to  quality  and  yield  of  sulfonates) 
with  those  obtained  during  the  use  of  liquid  sulfurous  acid  anhydride. 


Quality  of  Standard  Concentrates  of  Basic  Calciisa  Sulfonate  Obtained 
on  Installation  of  Factory  "Neftegaz”  Curing  Sulfonation  of  Oils 
AS- 5  and  AS-9.5  from  Eastern  Crudes 
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•Ratio  100  sulfate  general  ash  content  —  neutral  ash  content  over  neutral 
ash  conter.--. 

--^Calculated  with  respect  to  neutral  ash  content  and  content  of  ashes  in 
p-.-  '.rltated  sulfonate  (17T0. 


Conclusion 

Sulfonation  of  r.ineral  oils  (for  the  purpose  of  obtaining  oil-soluble 
sulfonates)  with  liquid  sulfuric  ar-tydride  in  solvents  —  liquid  sulfUrous  acid 
anhydride,  dichloroethane  or  carbon  tetrachloride  as  corpared  to  sulfonation  with 


oleirr.  or  gaseous  sulfuric  anhydride  has  the  following  advantages:  high  speed  cf 
stil formation,  allowing  us  to  use  continuous  sulfonation  in  apparatuses  of  great 
productivity;  absence  of  acid  tar;  greater  purity  of  obtained  sulfonates;  3-7  tines 
•mailer  consumption  of  sulfuric  anhydride  with  respect  to  obtained  sulfonate; 

3-4  tines  greater  yield  of  sulfonates  from  raw  material. 
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METHODS  OF  OBTATf'I’Tf  JTJ.TIASH  SULFCFATFS 


V.  !J<  Fonastyrskyy,  ar.d  T.  K.  Avaliani 

vmi  irp* 

Fain  direction  of  the  wo.k  set  forth  is  the  development  of  technology  of 
obtaining  so-called  multiash  additives  or  components  of  additives  on  the  basis  of 
petroleum  oil -soluble  sulfc  acids,  which  differ  from  usual  sulfonates  by  content 
of  metal,  several  times  exceeding  stoichicr.etrical  quantity. 

It  was  necessary  to  clarify  properties  distinguishing  3uch  compounds  from  the 
usual  sulfonates,  possibilities  of  their  use  both  in  pure  form,  and  also  as  component 
of  additive;  for  instance,  additive  vnii  np-362‘~*,  suggested  in  1958,  is  mixture  of 
usual  calciira  sulfonate  with  barium  alkyl  phenol  ate  and  antioxidant. 

As  detergent  components  and  additives  to  rotor  oils  widely  are  used  sulfonates 
of  petroleum  origin.  Since  194'D  Cl]  sulfonates  have  been  used  which  contain 
stoichiometric  quantity  of  metal  in  molecule  and  correspond  to  structural  formula 
(RSf-3)2Ve. 


•All-Dnior.  Scientific  Research  Institute  for  Oil  and  Has  Refining  and  the 
Production  of  Synthetic  liquid  Fuel. 

•♦Designation  by  number  and  name  of  institute. 


?  Activity  of  such  sulfonates,  like  additives  to  oils,  is  increased  with  increase 

i 

i 

j  of  molecular  weight  of  organic  radical  of  molecule  [2].  With  appearance  of  new, 

•I  more  forced  motors,  working  on  ftol  with  high  content  of  sulfVir,  requirements  for 
\  properties  of  additives  are  -increased.  In  connection  with  this  there  appear 
3  sulfonate  additives  of  alkaline  action  [3]  of  con  position  nSCy'eCH. 

i 

i  In  the  United  States  sulfonates  of  basic  type  predominate,  but  with  still 

i 

;  higher  content  of  metal  in  molecule,  reaching  10-nultiple  as  against  stoichiometri- 

f 

\  cally  necessary  quantity  according  to  first  given  formula.  Structure  of  such 

$ 

\  sulfonates  still  is  not  exactly  established  [4]. 

it 

Action  of  sulfonates  with  excels  content  of  metal  ("high-alkali")  is  based  on 

•  ability  to  neutralize  acid  compounds  and  to  disperse  products  of  oxidation  Cl]. 

'{ 

Number  of  method  of  obtaining  sulfonates  with  increased  content  of  alkaline  metal 
are  known.  For  instance,  it  is  reconr.ended  to  treat  the  usual  sulfonate  in  the 
presence  of  excess  amount  of  alkaline  bivalent  metal  and  water  with  CC2  [5]  or  to 
\  treat  the  usual  sulfonates  or  sulfo  acids  with  excess  amount  of  oxide  of  bivalent 
meval  in  the  presence  of  "promoters",  as  which  are  used  chiefly  phenol  compounds, 
nitro  compounds,  naphtols,  sulfo  acids  and  other  substances  [4]. 

Belcw  are  given  two  fundamental  diagrams  developed  at  VNII  NP  of  obtaining  * 

| 

:  of  additive  —  multiash  sulfonate  (KPS)  on  the  basis  of  petroleum  raw  material  with 
the  help  of  promoter  of  phenol. 

First  diagram  (with  seraratlon  of  sulfo  acids).  Sulfonated  oil,  containing 
oil -soluble  sulfo  acids,  is  treated  with  aqueous  phenol  for  separation  of  oil-soluble 
ca  *0  acids.  With  this  sulfo  acids  are  separated  in  lower  layer  — *  extract,  containing 
(besides  them)  also  phenol  and  water.  Extract  is  diluted  with  oil  (50!?  in  extract). 

;  then  the  whole  mass  is  treated  with  calcium  oxide  under  definite  temperature  con- 
j  ditions,  water  is  driven  off  and  CO 2  is  omitted.  With  this  larger  part  of  phenol 

f 

is  separated;  remaining  part  is  driven  off  under  vacuum.  For  isolation  of  mechanical 


impurities  the  obtained  additive  is  dissolved  in  organic  solvent  and  centrifuged. 
After  isolation  of  mechanical  impurities  the  solvent  is  driven  orf.  Consequently, 
by  this  method  additive  is  obtained  with  use  of  promoter  as  selective  solvent  of 
oil-soluble  sulfo  acids. 

Second  diagram  (without 
scraratlcn  of  sulfo  acids). 

Cil  containing  oil-soluble 
sulfo  acids  is  treated  directly 
with  calcitn  oxide  till  absence 
of  acid  reaction.  Then  into  oil 
phenol  and  water  are  introduced, 
and  in  the  presence  of  excess 
CaO  CO2  is  omitted.  After 
termination  of  process  product 
is  centrifuged  for  isolation  of 
mechanical  inpurities,  V.’ith 
this  2CTf  solution  of  additive 
in  deeply  purified  oil  is  ob¬ 
tained. 

Phenol  used  in  the  process 
of  obtaining  IKS  is  separated  and  is  used  repeatedly,  Regulating  relationship  of 
phenol,  calciun  oxide  and  C02,  additive  FKS  can  be  obtained  with  different  content 
of  metal  as  against  stoichiometrical. 

In  the  figure  are  given  both  diagrams  of  obtaining  additive  P'S. 

Process  of  Sulfonation 

Oil-soluble  petrolera  sulfo  acids  are  fomed  in  the  process  of  reaction  of 
sulfonating  agent  (strong  sulfuric  acid,  olein,  gaseous  SD^  and  others)  with  oil 


Diagrams  of  obtaining  additive  T'T<. 

K'T:  (a)  Sulfonated  oil;  (b)  Phenol; 
(c)  ’.later;  (d)  Extraction  of  sulfo 
acids;  (e)  Oil;  (f)  Reactor;  (g) 
Oil-diluent;  (h)  Centrifuge;  (i)  Pre¬ 
pared  additive  IKS;  (j)  neutralization; 
(k)  Prepared  additive  P YZ  in  solution 
of  oil . 


fraction  or  with  purified  oils  [6]. 

In  our  experiments  as  raw  material  for  sulfonation  served  distillate  oil  of 
selective  purification  from  sulfurous  crudes  AS- 5  of  production  of  Kovokuibyshev 
factory,  characterized  by  the  following  indices: 


kinematic  viscosity  at  100*,  cs . 6—8 

pour  point,  *C . 14 

flash  point  in  open  crucible,  °C... . 210 


In  the  experiments  (content  of  free  S0^  18-20'*)  oletan  was  used,  as  the  Most 
accessible  in  our  conditions,  and  in  some  experiments  gaseous  S0^. 

In  the  work  special  problem  of  study  of  expediency  of  use  of  one  or  another 
sulf ©rating  agent  for  obtaining  oil-soluble  sulfo  acids  was  not  posed.  However, 
considering  that  oleum  is  the  most  accessible  reagent,  research  was  conducted  in 
selection  of  optimum  conditions  of  sulfonation.  Similar  study  of  sulfonation  with 
oleum  of  distillate  oil  from  sulfur-bearing  crudes  is  set  for  the  first  time. 

Dependence  was  clarified  of  ash  content  of  solution  of  calcine  sulfonate  in 
oil  (obtained  froa  sulfonated  oil  as  a  result  of  neutralisation  of  sulfo  acids 
with  cdciM  oxide  on  temperature  of  process  of  sulfonation  and  consumption  of 
olein,  bpedmeuts  were  conducted  with  oleoa  containing  70%  free  SO3,  with  oon- 
smptioa  mf  from  10  to  80%  with  respect  to  taken  oil  and  temperatures  from  -10 
to  +70*. 

end  point  105*)  in  ratio  1:1.  Oleum  was  fed  in  portions  of  10?  in  each  portion. 
\fter  feed  of  each  protion  of  olem  solution  was  allowed  to  settle  15  minutes  and 
ar  was  separated.  After  last  portion  of  oleum  period  of  settling  continued  18  hr, 
and  fuU  separation  of  tar  occurred.  For  removal  of  SO3  dissolved  In  acid  solution, 
the  latter  was  washed  with  water,  taken  in  ratio  to  acid  solution  of  0.25  :  1*  After 
period  of  settling  of  water  in  acid  layer  acid  number  was  determined.  Then  solution 
of  add  oil  was  neutralized  by  calcium  oxide  (3?  on  heavier  acid  solution)  at  a 
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testprrature  of  40*  and  reaction  mass  was  nixed  2-3  hr  during  rise  of  temperature 
to  00-.  T'echanlcal  inpurities  were  separated  by  centrifuging.  Then  alkylate  was 
driven  off,  and  in  obtained  product  ash  content  was  determined. 


Table  1.  Sul fonat ion  of  Oil  AS- 5  in  Laboratory  Conditions 
Load:  oil  200  g,  alkylate  200  g 


Consumption  of 
oleum,  ?>  in 
taker,  oil 

Temperature  of 
sulfonation,  °C 

Amount  of 
obtained 
tar,  %  in 
heavier  oil** 

Acid  nurber 
of  alkylate 
solution, 
mg  KOH/g 

Ash  content 
of  neu¬ 
tralized 
solution 
after  dis¬ 
tilling  of: 
solvent,  f- 

* 

-10 

9.6 

0.32 

10 

30 

10.9 

0.89 

70 

6.6 

1.60 

-10 

15.0 

0.52 

0.48 

20 

30 

15.9 

1.80 

0.77 

70 

10.7 

-  .  J 

3.67 

0.99 

-10 

20.6 

1.40 

0.63 

40 

30 

24.3 

6.90 

1.74 

70 

17.5 

9.50 

2.12 

-10 

24.6 

4.50 

1.15 

60 

30 

27.7 

11.95 

2.69 

70 

19.6 

14.85 

2.94  • 

00 

30 

31.7 

18.2 

2.00 

12* 

30 

27.5 

— 

3.45 

•Experiment  was  conducted  with  gaseous  S0^. 

••Quantity  of  tar  is  given  after  subtracting  supplied  oleum. 


... 
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In  Table  1  are  given  results  of  experiments  on  sulfonation  of  distillate  oil 

*1/ 

AS- 5.  With  increase  of  temperature  of  sulfonatien,  ash  content  /frerared  product  is 
increased,  especially  from  -10  to  +30*.  Further  increase  of  ter.perature  to  +70* 
does  not  render  so  noticeable  an  influence  on  ash  content,  but  causes  impairment  of 
color  (Table  2). 


Table  2.  Color  of  Oil  with  Calcium  Sulfonate 
Depending  on  Temperature  of  Sulfonation 


Consumption  of 
oleum,  ?  in  oil 

Temperature  of 
sulfonation,  *C 

Color  of  oil, 
brand  ?!FA 

60 

+70 

7.5— 8.0 

60 

+30 

5 

60 

-10 

1.5—2 

With  increase  of  consumption  of  oleum  (to  60?),  ash  content  of  product  is 
increased.  Increase  of  consumption  of  oleum  to  80?  does  not  cause  further  noticeable 
increase  of  ash  content. 

On  the  basis  of  these  results  for  ofc  -lining  sulfonated  oil  on  enlarged  experi¬ 
mental  installation  consumption  of  oleum  of  50?  and  temperature  of  sulfonation  of 
25-30*  were  accepted.  Instead  of  washing  by  water  for  removal  of  dissolved  S0^  in 
::vT  for.ate 3  oil,  blowing  through  of  the  latter  with  air  was  conducted. 

.osses  of  oil  in  the  form  of  acid  tar  during  sulfonation  on  enlarged  installation 
amounted  to  20-25?  of  taken  oil. 

attraction  of  dl-Soluble  Sulfo  Acids  Fron  Acid  Oil 

Well-known  method  of  separation  of  oil-soluble  sulfo  acids  from  acid  solution 
is  extraction  of  it  by  aqueous  solutions  of  different  alcohols  [6).  In  the  work 


stated  extraction  of  sulfo  acids  was  conducted  by  65 *  solution  of  phenol g  the  latter 
simultaneously  was  pronoter  for  obtaining  of  nultiash  sulfonates. 

Acid  gasoline  solution,  and  also  aqueous  phenol,  taken  in  quantity  of  l6!f  in 
solution  of  acid  oil,  were  loaded  in  apparatus  with  mixing  device.  At  a  temperature 
of  65*  the  mass  was  mixed  for  2  hr.  After  cooling  to  room  temperature,  contents 
was  transferred  to  settling  tank,  where  it  settled,  after  which  lower  layer,  con¬ 
taining  phenol,  water  and  sulfo  acids  was  separated.  Proa  this  layer  subsequently 
was  obtained  additive  PI'S. 

3elow  are  listed  results  on  yield  of  oil-soluble  sulfo  acids  from  acid  oil. 


Initial  oil .  AS-5  Wt 2 

Acid  number  of  sulfonated  oil  in  solution 
of  gasoline  (1:1 ),  mg  KOH/lg . . .  10 

Taken  on  yield  of  sulfo  acids,  wt 

solution  of  acid  oil  in  gasoline .  100* 

phenol .  10.7 

water . 5.6 

Obtained  parts  by  weight: 

solution  of  oil  in  gasoline . 88.4 

extract . 25.8 

Losses  parts  by  weight .  2.1 

Analysis  of  extract: 

content  of  Fhenol,  * . . .  35 

content  of  sul  fur,  * . . . 1.7 

acid  timber,  rg  PCW/lg . 37.8 

Analysis  of  solution  of  oil  in  gasoline: 

acid  nuriber,  ng  PCH/lg . 0.24 

content  of  phenol,  f .  1.2 


•Content  of  gasoline  in  solution  50*. 

i-’lO 


Sulfb  acids,  which  are  in  acid  oil,  after  extraction  by  phenol  water  are  rerwred 
practically  completely. 

Pros  solution  of  oil  in  gasoline ,  gasoline  is  driven  off,  and  then  separated 
oil  is  treated  with  3^  Zikeyevo  earth. 

Obtained  oil  had  the  following  qualities. 

Kinematic  viscosity  (in  cs)  at  *C: 


100 . 

50 . . . : . 

Index  of  viscosity . 

Acid  number,  rg  KCK/lg . 

Sulfur.  . . . . . 

.  5.5 

.  0.06 

Color,  brand  ?!PA . . . 

Chemical  composition, 

naphthenes  and  paraffins . 

light  aromatic  hydrocarbons . 

guns . 

Consequently,  oil  obtained  during  extraction  contains  up  to  90^  paraffin- 
naphthenic  hydrocarbons,  i.e.,  is  deeply  rurified  oil. 

Obtaining  FVS  fror.  Detract 

Detract  which  is  a  mixture  of  phenol,  water  and  sulfo  acids,  was  loaded  in  a 
r*;-  tor  supplied  with  mechanic*!  mixer,  reflux  condenser  and  thermometer.  There 
was  loaded  calcium  cxlde  (13*  in  extract)  and  diluent  —  distillate  oil  AS- 5  with 
viscosity  at  10l°  of  6-8  cs  in  amount  of  50^  in  extract.  With  constant  nixing  the 
temperature  of  reaction  rass  increased  to  100-101*  and  at  this  tesperature  it  was 
nixed  2  hr;  then  temperature  was  increased  to  120-125*  and  from  reaction  mass  water 
was  removed.  After  removal  of  w^ter  for  1  hour  with  gradual  increase  of  temperature 
to  155-165*,  was  omitted. 


Obtained  nass  was  transferred  to  apparatus  where  phenol  was  driven  off  at 
residual  pressure  of  20-30  cm  Hg. 

After  separation  of  mechanical  impurities  by  centrifuging  and  distilling  off  of 
solvent,  the  content  of  calcium  in  such  an  additive  was  3 •  5—4  times  more  than 
stoichiometrical . 


Table  3.  Characteristics  of  Additive  ITS,  Obtained 
According  to  First  Diagram 


Nunber  of 
sample 

Content  of 
oil,  f 

Ash  content 
sulfate,  * 

Ash  content 
sulfate  in 
conversion  to 

5055  solution  of 
additive  in  oil 

2* 

50 

22.1 

22.1 

3* 

57 

19.4 

22.1 

6a* 

60 

19 

23.' 

16** 

66 

17.0 

25.0 

lftM* 

46 

23 

21.2 

•Samples  were  prepared  in  laboratory. 

•♦Additive  was  prepared  on  enlarged  installation. 
•••Additive  was  obtained  with  the  use  of  gaseous  SO^. 


In  Table  3  is  shown  the  characteristics  of  additive  PTS,  obtained  according  to 
first  diagram,  and  alsc  characteristics  of  additive  obtained  with  the  use  of  gaseous 
SO-j  instead  of  olewn. 


Obtaining  PTS  According  to  Second  Diagram 


According  to  second  diagram,  as  was  already  noted  above,  FIS  is  obtained  in 
solution  of  deeply  purified  oil  (20*  solution). 


*»  i »» 


Obtaining  of  Additive  From  Solution  of  Keutral  Sulfonate 

Solution  of  usual  (neutral)  sulfonate  in  deeply  purified  oil,  obtained 
analogously  to  above-described  laboratory  method,  was  treated  with  additional  amount 
of  calcium  oxide  in  the  presence  of  phenol,  water  and  OO2  analogously  to  the  first 
diagram.  As  a  result  20!?  solution  of  additive  in  oil  was  obtained.  With  this 
She  mount  of  introduced  calciun  in  sulfonate  was  3.5-4  times  more  than  stoichio- 
metrical  amount. 

In  Table  4  is  shown  the  consuartion  of  reagents  for  obtaining  P VS  according  to 
second  diagram,  and  also  characteristics  of  obtained  products. 


Table  4*  Characteristics  of  Additive  PK5,  Obtained 
According  to  Second  Diagram 


lumber  of 
batch 

r 

Tal 

ten  on  syi 

nthesis 

Ash  content 
* 

sulfate. 

• 

8 

rt 

4 

0 

-1  *» 

is 

c  0 

— «  -•  m 
wc  >  0 

& 

r~i 

°s 

1-3  “ 

*»  t  • 

3t!S 

5  C  2 

j  Phenol 

Water 

Calcium 

1  oxide 

Solution  of 

PYS  in  oil 

Initial  neutral 
•ul fonate 

Ratio  of  ash 
content  (ob¬ 
tained  to 
initial) 

-  -  - 

g 

i 

% 

g 

% 

i - . 

1 

300 

65 

Z1.6 

35 

13 

s 

B 

2.0 

3.5 

— 

300 

300 

65 

2L6 

35 

1L6 

13 

1 

7.5 

2.3 

3.2 

7.0 

34 

600 

130 

2L6 

70 

U6 

26 

8 

10. e 

2.5 

4.3 

8.5 

f- Viscosity  of  Initial  solution  of  neutral  sulfonate  in  oil  13-14  cs  at  100*. 

» 

It  is  necessary  to  pay  attention  to  lowering  of  viscosity  of  obtained  solutions 
.  of  P G  In  oil  ss  against  viscosity  of  initial  usual  sulfbnate.  This  can  indicate 
an  occurring  change  of  chemical  structure  of  obtained  compound. 

Positive  side  rf  first  diagram  is  the  use  of  promoters  as  selective  solvent 
arid  the  possibility  of  obtaining  100*  additive  or  its  solution  in  any  oil  used  in 
rotors. 
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Second  diagram,  according  to  which  PMS  is  obtained  in  solution  of  deeply 
purified  oil,  is  technologically  simpler,  it  is  excluded  the  process  of 
separation  of  sol fo  acids  from  oil.  However  with  this  additive  is  dissolved  in 
large  amount  (to  BO?)  of  deeply  purified  oil.  If  its  solution  has  sulfate  ash 
content  of  7.0?,  then  for  obtaining  of  motor  oil  with  ash  content  of  2*  it  is 
necessary  to  add  up  to  22?  deeply  purified  oil,  which  ran  noticeably  influence  its 
final  operational  properties.  Influence  of  deeply  purified  oil  on  operational 
properties  of  motor  oil  with  additive  is  being  studied  at  present.  Obtained  results 
will  allow  us  to  make  more  definite  conclusions  about  expediency  of  use  of  this 
method  in  a  number  of  eases. 

Obtaining  PM5  From  Neutral  Sulfonate  of  Production 
of  Yaroslavl*  Factory  leaned  after  Mendeleyev 

In  laboratory  conditions  and  on  experimental  installation  of  factory  named 
after  Mendeleyev  there  was  synthes lr»d  additive  of  nultiash  sulfonate  (PMSy*)  from 
50*  solution  of  oil  of  neutral  sulfonate,  obtained  from  sulfo  acids  formed  during 
purification  of  white  oils  from  nonsulfur-bearing  raw  material  at  IVidory  named 
after  Mendeleyev  in  Yaroslavl1*.  Ash  content  of  5  '  solution  of  ealclur  sulfonate 
was  equal  to  U. 9-6*.  After  obtaining  from  it  additive  PKS^f  ash  content  (sulfat-e) 
reached  2>27* ’,  i.e.,  ratio  of  ash  .contents  (obtained  to  initial)  amounted  to  4-5.5. 

Investigation  of  ^rerat tonal  rrorertl»»a  of  IMS 

In  Table  5  are  shown  operational  properties,  checked  on  apparatus  DK-2,  of  oil 
AS-9.5  with  additives  FIT*  and  neutral  calcium  sulfonate  and  of  base  oil  AS- 9.5  KKZ 
without  additive. 


•All  work  on  obtaining  of  neutral  sulfonate  was  carried  out  by  workers  of  factory 
named  after  Mendeleyev  according  to  technology  ceveloped  by  them. 


Table  5.  Results  of  Appraisal  of  Cil  AS-9.5  with  Additives  According 
to  Laboratory  Method  of  ^AKT*  ( Instrument  DK-2) 


Sample 

^  Content  of 
additive  in 
Oil.  * 

Ash 

Content , 
* 

Deposit 

after 

oxidation. 

Kinematic 
viscosity  at 

100*.  cs 

• 

initial 

SfiSItto, 

Oil  AS-9.5  NKZ  without 

additives . . 

Oil  AS-9.5  with  neutral 
sulfonate  from  oil 

9—10 

9.5 

AS- 5  . 

!7 

1.0 

10.5 

37.3 

30.7 

Oil  AS-9.5  with  PC  from 
neutral  sulfonate  of 

10 

0.6 

9.6 

oil  AS-5.. . 

12 

2.0 

Absence 

11.2 

14.2 

Oil  AS-9.5  with  neutral 
sulfonate  from 

6  | 

1.0 

Absence 

10.5 

15-7 

white  oils . 

42 

2.4 

7.8 

15.1 

39.3 

21 

1.2 

10.7 

— 

36.2 

OU  AS-9.5  KKZ  with 

8 

2.0 

Traces 

11.0 

18.7 

. 

4 

1.0 

3.0 

10.9 

l 

19.4 

•JUK I  *  State  All-Vnion  "Crder  of  the  Red  Banner  of  labor"  Scientific 
Research  Inatitute  of  Automobiles  and  Automobile  Engines. 


Stability  of  base  oil  AS-9.5  io  sharply  improved  with  addition  to  it  of  PM5, 
where—  neural  sulfonat’  does  not  Ln prove  this  property. 

Short-term  teats  on  engines  GAZ-51  ar  %35  showed  high  effectiveness  of 

additives  PS  and  PS.  in  api'e  of  diversity  of  iritial  raw  naterial. 

ya 

Cone Ins ion 

n thesis  and  fundamental  technology  have  been  developed  of  obtaining  of 
highly  effeeMr*  -erronent  or  additive,  representing  multiaah  ?  ilfonate  (PS)  with 
contest  cf  metal  3.5-5  multiple  as  against  stoichiometric  and  with  use  of  phenol  as 
•elective  solvent  ar.d  promoter  of  reaction. 

As  raw  materia?  were  used  distillate  oils  from  sulfUrous  crudes  with  different 
lsvsl  of  viscosity  and  neutral  products  of  sulfonation,  separated  in  obtaining  of 
white  oils  from  nonsul fur-bearing  crudes  a.  factory  nsned  after  ''ende'eyev. 


According  to  method  of  f!AKT  (determination  of  deposit-formation  and  viscosity 

during  oxidation)  the  advantage  of  obtained  1V3  additives  over  usual  neutral 

sulfonate  additives  obtained  earlier  is  shown. 

* 
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IKPHDVMrr  OF  TECHNOLOGY  OF  MANUFACTURE  CF  ADDITIVE  TsIATIH-339* 


N.  F.  Karpov 

Permskiy  Petroleum  Oil  Factory 

Essential  technological  deficiency  of  process  of  industrial  production  of 
alkylphenol  additive  t3iatim-339  is  washing  of  catalyst  —  benzene  sulfo  acid,  as 
a  result  of  which  significant  amounts  of  phenol  and  benzene  sulfo  acid  get  into  liq¬ 
uid  waste,  laboratory  of  Permskiy  Petroleum  Oil  Factory  conducted  work  on  investi¬ 
gation  of  possibility  of  liquidation  of  entry  of  phenol  into  industrial  liquid 
waste,  results  of  which  are  the  subject  of  this  report. 

From  formerly  conducted  works  of  VNII  FP**  it  is  known  that  separation  of 
benzene  itufo  acid  from  alkylate  is  possible  in  the  form  of  its  calcit®  or  ansnonium 
salt  by  treatment  of  alkylate  with  lime  milk  or  amonia.  However  for  a  number  of 
reasons  this  method  did  not  find  industrial  application. 

For  neutralization  of  benzene  sulfo  acid  we  tested  as  neutralizing  component  a 
s~  1  tion  of  calcinated  soda.  Advantage  of  calcinated  soda  over  alkali  reagent  is  the 
fac-  that  it  excludes  formation  of  sodium  phenolates.  Good  solubility  in  water  and 
bad  in  alkyiphen  ^  allows  us  to  separate  benzene  sulfo  acid  in  the  fora  of  aqueous 
solution  of  salt  by  means  of  short  period  of  settling. 

♦Additive  designated  by  number  and  name  of  institute,  the  Central  Scientific 
Research  Institute  of  Aviation  Fuels  and  Oils. 

♦♦All-Union  Scientific  Research  Institute  for  Oil  and  Gas  Refining  and  the 
Production  of  Synthetic  Liquid  Fuel. 
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Work  was  conducted  according  to  the  following  diagram.  After  termination  of 


process  of  alkylation  conducted  according  to  the  usual  technology,  contents  of 
reactor  were  cooled  tc  temperature  of  95-9?°  and  into  zone  of  reaction  a  solution  of 
calcinated  soda  was  introduced.  Temperature  with  this  dropped  to  65-90°  and 
violent  separation  of  carbon  dioxide  was  observed.  It  was  established  that  for 
complete  neutralisation  of  benzene  sulfo  acid  5*  excess  of  calcinated  soda  is 
sufficient  as  against  estimated  amount,  foda  was  used  in  the  form  of  20-25* 
aqueous  solution,  ensuring  formation  of  concentrated  solution  of  sodium  salt  of 
benzene  sulfo  acid,  which  settles  easily  and  is  separated  from  alkyl phenol  at  a 
temperature  of  80-85°. 

Alkyl  phenol  after  separation  of  lower  layer  contained  up  to  0.8^  aqueous 
solution,  which  corresponds  to  content  of  dry  salt  up  to  0.3*. 

After  evaporation  of  water,  sodium  salt  of  benzene  sulfo  acid  was  obtained, 
quantitative  yield  of  which  agrees  well  with  calculating  data  (Table  l). 

Alkyl  phenol  obtained  in  such  a  way  was  dried  in  a  vacuum  according  to  formerly 
accepted  technology.  Laboratory  and  industrial  samples  of  dried  alkylphenol  were 
obtained,  whose  quality  is  not  inferior  to  alkylphenol  prepared  by  the  usual  means 
(Table  2).* 

Kain  qualitative  index,  distinguishing  alkylphenol  of  development  types  and 
the  usual,  is  the  presence  of  mechanical  impurities,  whose  content  reached  C.3*. 

Kechanical  impurities  were  sodium  salt  of  benzene  sulfo  acid.  Therefore  it 
was  important  to  clarify  its  influence  on  further  technological  processes.  Several 
laboratory,  and  later  also  industrial  samples  were  prepared  of  additive  tsiatin-339 
on  the  basis  of  alkylphenol ,  obtained  without  washing. 

As  can  be  seen  from  the  data  of  Table  3»  development  types  of  additive  do  not 
differ  from  additive  obtained  by  the  usual  ..-jeans. 
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Table  1.  Material  Balance  of  Separation  of  Sodium  Salt  of 

Benzene  Sulfb  Acid 


Product 

* 

♦» 

s 

1 

%  to  phenol 

Theoretical 
yield,  g 

%  to  theo¬ 
retical  yield 

Taken: 

Phenol . . . 

150 

100 

*»i1  fn  aeld ... _ _ 

25 

16.7 

mmm 

Polymer  distillate. . 

375 

250 

— 

— 

Altogether... 

550 

— 

— 

— 

Obtained: 

Alkylphenol . 

430 

— 

480 

89.6 

Sodium  salt  of  benzene 

sul  fo  add _ _ _ _ _ _ 

25.5 

— - 

26.82 

95.1 

Tosses . . . . . . 

94.5 

— m 

Altogether. . . 

550 

— 

NOTE:  Theoretical  yield  of  alkylphenol  was  calculated  on  phenol. 


As  a  result  of  conducted  work  the  following  diagram  of  obtaining  alkylphenol 
|  without  washing  was  suggested  (Fig.  l).  After  achievement  of  required  content  of 
j  free  phenol  in  the  process  of  alkylation,  alkylphenol  is  pumped  into  neutralizer  - 

t 

settling  tank,  equipped  with  mixing  mechanism,  in  which  first  an  aqueous  solution 
of  calcinated  soda  in  amount  required  fbr  neutralisation  is  prepared. 

neutralization  of  benzene  sulfo  acid  occurs  with  entry  of  alkylphenol  into 

neutralizer.  After  pumping  over  of  the  entire  amount  of  alkylphenol,  the  contents 

s 

;  are  mixed  0.5  hr  and  placed  for  period  of  settling  for  separation  of  aqueous 

|  solution  of  sodium  salt  of  benzene  sulfb  acid  from  alkylphenol. 

I 


Table  2,  Given  Qualities  of  Obtained  Alkylrhencls 


Usual  industrial  samples 


83 

0.80 

132 

0.06 

Res. 

0.925 

1.5063 

89 

0.76 

120 

0.06 

Res. 

0.918 

1.5055 

— 

94 

0.62 

110 

0.03 

Res. 

0.918 

1.5  049 

— 

Experimental  laboratory  samples 


5 

0.38 

145 

Res. 

Res. 

0.930 

1.5130  — 

7.2 

6 

0.65 

136 

0.02 

Res. 

0.925 

1.5130  — 

6.9 

7 

0.19 

119 

Res. 

Res. 

0.920 

1.5110  — 

6.5 

Experimental  industrial  samples 


119 

0.19 

108 

Res. 

Res. 

0.915 

1.5054 

0.28 

6.5 

125 

0.06 

118 

0.06 

|  Res. 

0.920 

1.5057 

0.30 

6.2 

After  5-6  hrs  aqueous  solution  is  poured  into  crystallizer,  and  alkyl phenol 
is  pumped  into  siccative  for  draining  and  distilling  off  of  nonreacting  polymer 
distillate. 

Sodium  salt  of  benzene  sulfo  acid,  evaporated  in  crystallizer,  is  unloaded 
and  can  be  used  in  chemical  industry. 

Aqueous  condensates  from  draining  of  alkylphenol  and  evaporation  of  water 
from  sodium  salt  of  benzene  sulfo  acid  head  to  collector  of  condensate  and  are 
used  for  subsequent  preparations  of  aqueous  solutions  of  calcinated  soda.  Conse¬ 
quently,  according  to  the  suggested  diagram,  phenol  waters  formed  in  the  process 
of  production  will  circulate  in  the  system,  not  getting  into  industrial  liquid 
waste.  The  suggested  diagram  up  to  now  has  not  been  introduced  into  production. 


j£$Q  |  Number  of 


Table  3.  Characteristics  of  Obtained  Samples  of  Additive 

Tslatla-339 


Usual  industrial  saaples 


0.13 

9.0 

0.03  (Res, 

4.2 

Aik. 

Coaplete 

15.2 

5.1 

0.12 

9.6 

0.03  P.13 

4.0 

Aik. 

Complete 

15.8 

5.3 

0.14 

9.2 

0.02  jO. 20 

4.1 

Aik. 

Complete 

15.0 

4.9 

9.3 

8.6 

10.2 


Experimental  laboratory  saaples 


5 

0.16 

12.1 

Res. 

0.03 

4.0 

Aik. 

Complete 

21.6 

6.99 

6 

0.20 

11.7 

0.12 

0.12 

4.1 

Aik. 

Complete 

17.7 

6.60 

7 

0.21 

11.6 

0.12 

0.12 

4.1 

Aik. 

Complete 

17.6 

6.60 

Experimental  industrial  samples 


118 

0.17 

8.9 

0.03  (0.20 

4.0 

Aik. 

Complete 

15.1 

_ 

125 

0.13 

8.6 

Res.  0.20 

4.1 

Aik. 

Coaplete 

15.4 

4.9 

#  f 


Fig.  1.  Diagram  of  obtaining  alkyl  phenol 
without  washing. 

1— alkylater;  2— neutral iser-s-jttl  ing  tank; 

3— siccative;  4— water  separator;  5,  7 — 
Condenser;  6—Crystalliser;  8— Collector  of 
condensate. 

Linas:  I— phenol  waters;  II— water  -  distillate 
of  polymer;  IXI-alkyl phenol ;  IV— waste  of 
polymer;  T— aqueous  solution  of  CzHrSO^Na; 

TI— Water  “phenol.  6  5  3 
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Another  work,  of  Indubitable  interest,  is  the  use  (widespread  abroad)  of 
netted  "abrupt  temperature  change”  in  process  of  alkylation  of  phenol  by  polymer 
distillate.  Components  (phenol,  polymer  distillate  and  benzene  sulfo  acid) 
loaded  in  alkylater  for  3-4  hrs  were  heated  to  temperature  of  110-115“  and  pumped 
through  air  refrigerator  of  tubular  type,  where  mixture  is  cooled  somewhat  (Pig.  2). 
Reaction  with  this  is  noticeably  accelerated  (which  one  cay  see  oy  increase  of 
temperature  in  alkylater),  and  time  of  depletion  of  alkylphenol  is  significantly 
reduced.  Content  of  free  phenol  with  such  a  diagram  of  alkylation  does  not  exceed 
0.3*;  this  testifies  to  involvement  in  reaction  of  around  99 .0*  of  phenol  with 
reduction  of  general  cycle  of  alkylation  by  30*  and  economy  of  1055  of  olefins. 

Simultaneously  with  improvement  of  process  of  alkylation  of  phenol,  factory 
workers  performed  great  work  on  reduction  of  the  cycle  of  sulfurization  of 
alkylphenol.  Impendence  of  anticorrosive  properties  of  additive  tsiatin-339  on  the 
amount  of  loaded  sulfur  chloride  was  determined.  As  research  stewed,  amount  of  it 
should  be  22-24*  on  alkylphenol,  as  against  27-29*  established  by  norms*. 

Quality  of  sulphurized  alkylphenol  with  this  corresponds  to  all  the  presented 
requirements,  and  additive  prepared  on  it  possesses  the  best  anticorrosive 
properties.  Increase  of  marker  of  turns  of  nixer  in  sulphurize r  and  atomization 
of  sulfur  chloride  by  means  of  use  of  atomizer  leads  to  significant  reduction  of 
cycle  with  simultaneous  stabilization  of  quality  of  sulphurized  alkylphenol. 

As  a  result  of  conducted  works,  the  general  duration  of  manufacture  of  additive 
tsiatim-339  is  considerably  abbreviated.  However,  noticeable  growth  of  productivity 
still  is  not  achieved  in  virtue  of  lag  at  last  stage  of  production  —  barium-coating. 
It  is  possible  to  trust  that  after  liquidation  of  this  narrow  place  it  will  be 
possible  to  increase  productivity  of  workshops  by  —  20%. 

♦Apparently,  the  author  is  considering  the  necessary  stoichiometric  amount. 
(p4itor,s  note). 
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EXP2U21CE  OF  KAffiZSirC  OP  I’TDUSTRIAL  IKSTAIXATICK 
for  pnoDucnor  of  additive  aznii-7* 


K.  A*  Ksnedov 

Administration  of  Azerbaijan  Petrolem  Chemical  Plant 

During  the  last  few  years  by  administration  of  "Azerbaijan  Petroleum  Chemical 
Plant"  measures  hare  been  conducted,  allowing  us  significantly  to  improve  the 
operational  properties  of  motor  and  tractor  and  diesel  oils.  They  include  increase 
of  production  of  oils  of  selective  purification,  and  also  addition  to  oils  of 
effective  multifunctional  additives.  On  the  basis  of  positive  results  of  stand  and 
operational  tests,  All-Union  State  Standards  for  motor  and  tractor  oils  with 
additives  aznii-5  and  aznii-8  were  affirmed  and  in  the  near  future  All-Union  State 
Standard  for  diesel  oils  with  additive  aznii-7  should  be  affirmed. 

Data  of  tests  confirming  the  effectiveness  of  action  of  additive  aznii-7  on 
diesel  oil  from  Baku  raw  material,  allowed  us  to  carry  out  its  synthesis  in 
industrial  conditions.  For  this  purpose  IRKhP  (Institute  of  Fetrochemical  Processes) 
•f  Academy  of  Sciences  of  AzSSR  developed  technology  of  synthesis  of  additive. 

Industrial  installation  for  synthesis  of  additive  asnii»7,  design  of  which  was 
carried  out  by  institute  Ciproazneft  (State  Institute  of  Design  of  Azerbaijan 
Petroleum  Industry),  was  constructed  by  administration  of  "Aserbaljan  Petroleum 

♦Additive  designated  by  ninber  and  name  of  institute,  the  Azerbaijan  Scientific 
Research  Institute. 
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Chemical  Plant "  in  I960. 

At  present  obtaining  of  additive  aznii-7  in  Industrial  conditions  has  been 
mastered. 

Synthesis  of  additive  aznii-7  occurs  in  six  stages. 

1.  Sulfurization  of  kerosene,  obtained  during  light  thermal  cracking  of  black 
oil  by  sulfur  dichloride.  Sulfurization  is  conducted  at  a  temperature  of  10*  to  25*< 

2.  Alkylation  of  phenol  by  sulphurized  kerosene  in  the  presence  of  catalyst 
—  aluminum  chloride  at  a  temperature  of  90*. 

3.  Neutralization  of  products  of  alkylation  by  hydrate  of  baritn  oxide  at  a 
temperature  of  90*  and  separation  from  deposit  with  the  help  of  centrifuge. 

A.  Vacuum  distillation  of  products  not  entering  into  reaction  (saturated 
kerosene). 

5.  Saponification  of  sulfide  alkylphenol  compounds  in  solution  of  machine 
oil  by  hydrate  of  barium  oxide  at  a  temperature  of  95-100®. 

6.  Prying  and  separation  of  prepared  additive  from  deposit  and  mechanical 
impurities  with  the  help  of  centrifuge. 

Equipment  of  industrial  installation  is  simple  in  manufacture.  Basic  process 
oecuro  in  mixers  of  periodic  action.  For  vacuum  distillation  of  products  not 
entering  into  reaction,  vaewsn  evaporator  is  used,  where  light  end  products  are 
separated  fcy  means  of  circulation  through  special  atomizers,  which  allows  us 
significantly  to  reduce  time  of  distillation  and  rectification.  Fjcperience  of  such 
distillation  gave  positive  result. 

Fbr  separation  of  deposit  and  mechanical  impurities  for  the  first  time 
NOCSb-325  centrifuges  were  used  —  continuously  acting  of  settling  type  with  screw 
snloading  of  deposit* 

During  industrial  mastering  of  synthesis  of  additive  on  this  installation 
there  appeared  a  mother  of  difficulties,  which  were  reneved  in  the  course  of 
■asterlng.  Chief  ones  are  the  following. 


1.  Fbr  dispensing  sulfur  chlorides  during  sulAirization  of  cracking-kerosene 
fuel  gauges  were  established,  which  during  first  supply  went  out  of  order.  It  was 
necessary  to  establish  the  usual  measuring  hoppers  with  oil-measuring  glass,  which, 
however,  require  considerable  attention,  since  deposits  of  sulfur  clog  oil-measuring 
cocks. 

Workers  of  KIP  (Department  of  Engineering  Design)  of  INKhP  of  Academy  of 
|  Sciences  of  Azerbaijan  Soviet  Socialist  Republic  developed  volume  timer,  ensuring 
i  continuous  adjustment  of  feed  of  required  amount  of  sulfur  chlorides.  This  instru- 
f  meat  requires  finishing  as  far  as  selection  of  materials  stable  to  the  action  of 

i 

I  sulfur. 

1 

*  2.  Preliminary  cooling  of  cracking-kerosene  in  refrigerator  to  0*C  was 

provided  for  by  design. 

Reaction  of  sulfurization  had  to  occur  at  a  temperature  of  25*,  owing  to  heat 

1 

of  reaction  of  sulfurization  and  without  removal  of  unnecessai7  heat. 

Such  a  solution  ot  •»tion  cannot  be  considered  correct,  since  with  accom¬ 
plishment  of  sulfurization  the  temperature  of  products  of  reaction  was  increased  to 
55*  and  above,  which  caused  side  reactions. 

In  the  course  of  mastering  of  production  of  additive  it  was  suggested  to  conduct 
continuous  circulation  of  products  of  ruction  through  refrigerator.  This  allowed 
us  to  conduct  reaction  strictly  at  a  temperature  of  20-25*.  However  on  walls  of 
;  refrigerator  pipes  a  large  amount  of  tar  was  deposited,  and  after  every  four  cycles 
the  refrigerator  was  completely  clogged  by  tar.  To  avoid  this  it  was  necessary  to 
zz  ablish  an  additional  row  of  refrigerators  and  to  organise  periodic  disconnecting 
and  turning  off  of  them  for  blowing  through  of  steam. 

3.  It  is  specified  to  feed  alum  in  ut  chloride  manually  into  siixers  for  alky¬ 
lation  of  phenol,  vhich  causes  inevitable  liberation  of  hydrogen  chloride  into 

atmosphere.  At  present  the  possibility  of  feed  of  aluminum  chloride  in  the  form  of 

I 

i  complex  compounds  with  the  help  of  pop  is  completed. 


4.  During  mastering  of  process  also  the  difficulty  with  utilization  of 
deposits  after  sul furization  of  cracking-kerosene  and  products  of  alkylation  was 
met ,  .since  the  obtained  deposits  are  badly  dissolved  in  oil  products  and  have 
strongly  acid  reaction.  Question  of  realization  of  these  deposits  till  now  has  not 
been  solved  and  at  present  they  simply  are  burned.  It  is  necessary  that  research 
organizations  seriously  study  this  question. 

5.  Oil  screw  psp  of  type  FVK-6,  did  not  ensure  normal  operation  of  instal¬ 
lation,  since  with  the  least  entry  into  prop  of  even  small  amount  of  deposit  the 
p«f  collapsed.  It  was  accessary  ts  quickly  replace  these  props  by  centrifugal 
brands  4HK  5x1. 

6.  When  installation  finished  normal  operation  we  encountered  the  phenomenon 
of  incrustation  of  deposits  in  receiving  and  ejecting  pipelines.  It  was  necessary 
quickly  to  alter  pipelines,  to  lift  them  up  and  to  house  then  in  steam  jacket.  Into 
Jackets  steam  is  periodically  allowed,  after  which  these  incrustations  are  melted. 
This  measure  gave  fully  positive  results. 

7.  During  carrying  out  of  cycle  of  saponification  it  was  established  that 
during  h  . ing  of  sulfide  alkyl  phenol  to  temperature  of  135*,  large  amount  of  light 
and  products  is  separated,  tdiich  leads  to  disturbance  of  reaction  of  saponification 
and  increase  of  viscosity  of  additive,  and  also  to  impairment  of  its  solubility  in 
oil.  Optimum  temperature  rate  of  reaction  of  saponification  was  found,  at  which 
such  phenomena  no  longer  were  observed. 

8.  Freeing  of  additive  from  mechanical  impurities  with  the  help  of  centrifuges 
also  demanded  finding  of  definite  temperature  rate, and  also  repeated  Jointing. 

9.  It  is  necessary  especially  to  note  difficulties  caused  by  work  of  checking- 
msasuring  instruments,  mainly  by  level  gauges.  Installation  of  AUS  (automatic 
control  systes)  in  view  of  specific  conditions  of  synthesis  does  not  ensure  control 
of  conditions  of  installation  and  subsequently  it  is  necessary  to  develop  new  types 
of  regulating  instrroents  for  chemical  processes. 

£5G 


Belov  is  listed  approximate  material  balance  of  synthesis  of  additive  AIM  1-7 

Taken  in  process,  t /twenty- four  hour  period: 


kerosene  of  thermal  cracking .  87.0 

oil  industrial  45 . 19.1 

sulftar  chlorides .  13.05 

phenol . . .  14.2 

hydrate  of  bariirr.  oxide .  13.75 

ahsnlmn  chloride .  3.3 

Obtained,  t/tventy-four  hour  period: 

additive  AZMI-** .  71.0 

saturated  kerosene . 34.6 

20£  hydrochloric  acid . 41.65 

Losses  and  waste . 29.6 


In  Table  1  quality  of  obtained  additive  is  given;  in  Table  2  —  quality  of 
diesel  oils  with  additive  AZM  1-7. 

Pbr  the  purpose  of  further  improvement  of  quality  of  additive  AZMI-7,  addition¬ 
al  process  is  specified,  consisting  of  sulfuric  acid  treatment  of  sulfide  alkylphenel 
compounds  (before  saponification).  Qualities  of  additive  basically  remain  without 
change,  but  addition  of  additive  obtained  by  modified  technology  increases  its 
solubility  in  oil. 


Table  1.  Quality  of  Additive  AZMI-7 


Index 

Bora 

Methods  of  tests 

(All-fnion  State 
Standard) 

Specific  r rarity  d^.. . 

1.0349 

3900 — 47 

Kinematic  viscosity  at  100*C,  cs... 

8.76 

33-53 

Ash  content,  f . . . . 

11.0 

3—4 

U61— 52 

1431—49 

Content  of  sulfur,  f . . . 

Flash  point,  *C . 

150 

4333-48 

Degree  of  corrosion  according  to 
Pinkevich  of  oil  of  industrial 

50  in  mixture  with  3*  additive. 

fA*2 . . . . — 

0—5 

5162—49 

Detergent  properties  of  oil  of 
industrial  5C  in  ~ixt-re  with 

yf>  additive  according  to  r.ethod 

of  PZ7,  In  points . 

2-2.5 

5726-53 

L*57 


Tab! a  2.  Quality  of  Diesel  Oils  with  Additive  AZ?riI-7 


Norms 

Index 

Diesel  oil  of  selective 
purification  DP-11  with 
5^  additive  aznii-7 

Diesel  oil  cul' 

furic  aciu  pur i f i 
cation  DP-3* with 
3?  additive 

aznii-7 

Densitv  P  ^ . 

Hot  more  than  0 . 910 

7  u . 

Kinematic  viscosity,  cs: 

at  100* . 

11.5—12.5 

Mot  lesa  than  8.3 

at  50* . 

Not  more  than  55 

Patio  of  kinematic  viscosity  at  50°  to 

kinematic  viscosity  at  100° . 

Not  more  than  7.0 

Coking  capacity  up.  to  addition  of 

additive,  t . . . 

Not  more  than  0.25 

Not  more  than 0.20 

Acid  number  of  oil,  mg  K0H: 

without  additive . 

rot  more  than  0.075 

Mot  more  than  Cl  15 
Tot  more  than  0 .10 

with  additive . 

Not  more  than  0.050 

Ash  content  of  oil,  *: 

without  additive . 

Not  more  than  0.007 
?!ot  less  than  0.5 

Mot  more  than  0.00! 
Tot  less  than  0.25 

with  additive . 

Content  of  water-soluble  acids  and 

alkalis  in  oil: 

without  additive  . 

Absence 

with  additive . 

Weakly  a] 

Lkaline  reaction 

Content  of  mechanical  immunities  in 
oil, 

without  additive . 

Absence 

with  additive . 

fTot  more  than  O.lO'f  1 

INot  more  than  0.0  5^ 

Content  of  water . 

Traces 

Flash  point,  determined  in  open 

crucible,  ®C . 

rot  below  210® 

Not  below  196® 

Pour  point,  ®C,  not  above . 

-20® 

-20® 

Content  of  furfurole . 

Absence 

Degree  of  corrosion  according  to 

Pinkevich,  g/n^,  not  more  than . 

10 

10 

Detergent  properties  according  to  PZV, 

points . . . 

rot  more  than  2.5 

HOTF:  Al  .  *on  of  depressor  up  to  0.3*  is  permitted. 


Designing  ofassemblyof  sulfuric  acid  treatment  at  present  already  has  been 
completed  and  in  the  near  future  synthesis  of  additive  aznii  -?  will  be  carried  out 
according  to  new  technology. 

Since  1961  autonobile  oils  have  to  be  produced  with  additive  aznii-6,  consisting 
of  mixture  of  additive  aznii-7  and  detergent  component  of  additive  axnii-5,  taken  in 
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tquai  relationships.  This  will  allow  us  significant  Ij  to  improve  their  operational 
properties . 
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MECHANISM  OF  ACTION  OF  ADDITIVES 


INVESTIGATION  OF  ACTIO*  OF  ADDITIVES,  CONTAINING  DIFFERENT 
FUNCTIONAL  CROUPS.  ON  BUTYRIC  FRACTIONS  AND  OIL 

A.  K.  Kuliyev  and  A.  K.  Levshina 
DOhP*  Academy  of  Sciences  of  Azerb.  SSR 


Investigation  of  Effectiveness  of  Action  of  Additives  of  the 
Alkylphenol  Type  with  Different  Structure  of  Molecule 

To  study  effectiveness  of  action  of  additives  of  the  alkylphenol  type  of 
different  structure  on  oils  differing  with  respect  to  hydrocarbon  composition, 
synthesis  was  carried  out  of  additives  of  the  type  aznii-?**  and  ainii-6  on  a  base 
of  unsaturated  hydrocarbons  (chiefly  1-aTkenes ) ,  contained  in  narrow  fractions  of 
distillate  of  thermal  cracking  of  paraffin,  for  the  synthesis  were  used  fractions 
eraporatirj,  within  the  limits  of  100-110%  190-200%  24C  ,'60*.  and  280-300*,  in 
their  phyaico-chenlcal  properties  corresponding  to  hydrocarbons  with  a  content  of 
7.  U,  13,  and  16  carbon  atoms  in  a  molecule.  The  influence  was  investigated  of 
attained  additives  of  different  structure  on  corrosivity  and  ojddisability  of  motor 
ar._  ractor  oils  from  a  single  Buzoveqr  oil. 

Results  of  investigation  are  given  in  Table  1. 

•Institute  of  Petrochemical  Procesoss  of  the  Academy  of  Sciences  of  the 

jssrt>ydTh«n  SSL 

•■id  Rote:  aanii  •  AzWII  ■  Azerbaydshan  Scientific  Research  Institute.  The 
additives  are  named  for  the  institute. 


from  Ukm  diU  it  is  clear  that  distillates  of  oil  AX- 10  and  diesel  oil  as 
compared  to  c©rrespo:>ding  purified  oils  are  no  re  corrosions!  1/  aggressive  and  are 
least  stable  to  the  influence  of  oxygen.  With  the  addition  of  additives  corrosive 
action  of  distillates  on  lead  plates  is  significantly  lowered  and  corrosion  of 
plates  by  purified  oils  is  almost  removed.  During  oxidation  of  oils  with  shown 
additives  according  to  aethod  of  Aztfll,  l.e. ,  In  acre  rigid  conditions  than  in 
Pisteovidi  apparatus,  stability  of  oils  in  significant  degree  is  lowered.  Investi¬ 
gation  of  action  of  additives  of  the  axnii-7  and  asnii-6  type,  distinguished  by 
location  of  sol  Air  in  aolecule ,  on  oils  of  different  hydrocarbon  composition  showed 
that  additives  containing  sulftir  in  a  side  alky!  chain  (additive  aznii-7),  are  more 
effective  than  additives  containing  sulfur  between  aromatic  nuclei  (additive  aznii-6) 

These  data  were  confirmed  by  results  of  research  of  corresponding  additives 
using  tagged  atoms.  It  was  shown  that  additive  aznii-7  promotes  formation  of  a 
more  durable  protective  film  on  surface  of  metal  and  lowers  wear  to  a  larger  degree 
than  additive  of  the  aanii-6  and  tsiatim-339*  type. 

Effectiveness  of  action  in  oils  of  additives  of  one  and  the  same  type  is 

* 

lowered  with  increase  of  number  of  carbon  atoms  in  side  chain  of  molecule  of 
additive. 

Proceeding  from  this,  for  synthesis  of  investigated  types  of  additives  it  is 
necessary  to  uac  fraction  of  une*turate*J  hydrocarbons,  by  molecular  weight  corre¬ 
sponding  to  hydrocarbons  with  11-12  carbon  atoms.  It  is  necessary  to  consider  the 
worst  solubility  in  oils  of  additives  synthesised  on  a  base  of  lower-molecular 
fractions. 

wfd.  Ilote:  tsiatlm  •  TsIATIH  -  Central  Scientific  Research  Institute  of 
Aviation  Fuels  and  Lubricants. 
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Table  1.  Remit*  of  laboratory  Tests  of  Oils  with  Additives  of  the 

asnli-7  and  aznli-6  Type 
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Synthesis  md  Investigation  of  Certain  Sulfur-  And 
Seieniferous  Compounds  As  Additives  To  Oils 


Considering  U:U  leleoin  is  in  or.  group  of  the  p erird:  c  systea  of  elesMr.ts 
with  sulfa”  and  is  rore  active  as  ctaspared  to  the  elenent  sulfur  we  Bade  an  atteapt 
to  synthesise  certain  aeleniferous  coc  pounds  and  to  coo  pa  re  effectiveness  of  their 
ion  with  sisuJLar  conpoaodLs  containing  sulfur. 

Derivatives  were  obtained  of  benxene  and  phenol,  having  between  aromatic  nuclei 
sulfU.  or  selenius,  diphenyl  sulfide,  selenlun  diphenyl,  dio^gndiphenyl  sulfide, 
selenita  uioxydipheny  1 ,  selestbss  dicetyldioxydi phenyl,  sele^lm  dialky ldioxydiphergrl, 
I  asst  also  eospennd,  in  composition  of  which  (besides  sulfur  or  selenita)  entered  also 
j  phosphorous:  trlcresylseleniwaphosphite,  trlcresylthlophosphite. 

4 

I 

Phys ieo-chaaica.1  properties  of  synthesised  compounds  are  close  to  theoretically 


calculated  ones. 
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ihcso  compounds  were  investigated  in  laboratory  conditions  as  anticorrosive 
and  antioxidant  additives.  Almost  all  the  shown  compounds  added  to  oils  a  1% 
quantity,  somewhat  increased  their  stability  (Table  2). 

Compounds  containing  selenium  act  with  a  greater  effectiveness  than  corre¬ 
sponding  compounds  containing  sulfur.  Diphenyl  is  more  effective  with  respect  to 
lowering  corrosivity  of  oils  and  increase  of  stability  than  diphenyl  sulfide. 

Still  more  effective  turned  out  to  be  derivatives  of  phenyl  containing  selenium. 
They  absolutely  removed  corrosive  aggressiveness  of  oils.  Tricresylthiphosphite 
has  better  anticorrosive  properties  than  tricresylseleniumphosphite. 

Results  of  test  of  certain  of  the  shown  compounds  on  a  four-ball  apparatus 
showed  that  these  compounds  somewhat  improve  lubricating  ability  of  airplane  oil 
XX- 22,  while  the  most  effective  turned  out  to  be  alkyldioxydiphenylselenium. 

Investigation  of  Different  Alkylaromatic  Hydrocarbons  as  Depressors 

For  clarification  of  influence  of  structure  of  additives  on  their  ability  to 
lower  pour  point  of  oils  individual  alkylaromatic  hydrocarbons  are  synthesized 
with  different  length  and  quantity  of  side  chains  with  different  number  of  rings  in 
molecule  and  their  depressor  properties  are  studied.  Increase  of  length  and  number 
of  side  chains  leads  usually  to  improvement  of  depressor  properties  of  alkylaromatic 
hydrocarbons  (Table  3).  During  comparison  of  mono-  and  dialkyl-derived  benzene, 
napthalene,  anthracene,  and  tetralin  it  is  easy  to  make  sure  of  this. 

The  aromatic  nucleus,  containing  two  rings,  ensures  the  obtaining  of  a  highly 
effective  depressor.  Decrease  or  increase  of  number  of  rings  lowers  effectiveness 
of  action  of  depressor.  The  most  effective  depressor  is  obtained  from  dicyclic 

! 

■  aromatic  hydrocarbons  with  long  side  chains.  Synthesis  of  depressor  of  such  type, 

« 

]  obtained  by  condensation  of  napthalene  with  chlorinated  paraffin,  is  carried  out  on 

]  an  industrial  scale  (depressor  AzNXI). 

j 
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Tibia  3*  Results  of  Research  of  Depressor  Properties 
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Investigatisa  of  depressors,  synthesised  by  condensation  of  chlorinated  narrow 
fractions  of  paraffin  with  napthalene,  showed  that  their  effectiveness  also  is 
Increased  with  increase  of  ssolecular  weight  of  fractions  of  paraffin. 

With  the  introduction  into  napthalene  nucleus  of  depressor  of  functional 
groups  —  ehlortn*  and  simultaneously  chlorine  and  nitro  group  —  the  effectiveness 
of  depressor  is  lowered  5  tines.  Depressor  properties  of  dialkyl-derived  napthalene 
are  lowered  also  with  the  presence  of  a  hydroxyl  group  in  the  napthalene  nucleus. 
Presence  of  nitro  group  in  napthalene  nucleus  renders  no  influence  on  depressor 
properties  of  dialkyl-produced  napthalene. 


Study  of  Response  of  Oils  and  Groves  of  Hydrocarbon#  to  repress on 


Action  of  depressors  mss  studied  on  narrow  butyric  fractions,  obtained  free 
Balakhany  butyric  and  heavy  oils,  and  also  on  different  ccosercial  oils  and  separate 
groups  of  hydrocarbons .  ts  depressors  were  used  AxTII  depressor  and  additive 

asnii-tslatiB-l,  which  were  added  to  butyric  fractions  of  Balakhany  oils  before  and 
after  renewal  of  aranatie  hydrocarbons  from  then. 

Investigated  fractions  of  two  oils,  sharply  distinguished  in  hydrocarbon 
coshes  it  ion,  are  significantly  distinguished  also  with  respect  to  response  to 
depressors  (Table  4).  Upon  addition  of  0.3%  depressor  to  fractions  of  Balakhany 
butyric  oil,  the  pour  point  is  lowered  by  15-272;  upon  addition  of  the  same  quantity 
of  depressor  to  fractions  of  Balakhany  heavy  oil,  the  peur  point  is  not  changed. 


Table  4-  Investigation  of  Response  of  Butyric  Fractions  Separated  froc 

Baku  Oils  to  Depressors 
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Dearomat lcized  fraction  of  Balakhany  butyric  and  heavy  oils  have  good  response 
to  depressors.  Prom  this  it  follows  that  aromatic  hydrocarbons  decrease  reception 
of  oils  to  action  of  depressors. 

In  Table  5  are  data  showing  response  to  depressor  of  oils  of  different  origin 
and  oils  of  separate  structural-group  fractions  obtained  from  these.  Upon  addition 
of  depressor  to  distillate  of  oil  AK-10  from  Balakhany  butyric  oil,  its  pour  point 
is  lowered  by  6*,  from  oil  of  the  deposit  Neftyanyye  Kamni  by  14*,  and  depression 
of  distillate  of  Binag  ad  in  oil  equals  lero.  In  this  case  not  only  aromatic  hydro¬ 
carbons  play  a  role;  in  very  strong  degree  with  respect  to  response  are  distinguished 
also  naphthene-paraffin  hydrocarbons  of  distillate.  For  instance,  if  naphthene- 
paraffin  hydrocarbons  of  a  distillate  of  oil  AK-10  of  Balakhany  butyric  oil  give  a 
reduction  of  pour  point  by  17*,  then  naphthene-paraffin  hydrocarbons  of  a  corre¬ 
sponding  distillate  of  oil  of  the  Neftyanyye  Kamni  deposit  and  Buzovny  oil  give 
depression  of  50-33*,  and  naphthene-paraffin  hydrocarbons  from  distillate  of 
Binagadin  oil,  11*  in  all. 

Receptivity  of  groups  of  hydrocarbons  and  tarry  substances,  separated  from 
distillates  and  oils  of  certain  Baku  oils,  to  Az’-H  depressors. 

Evidently,  here  the  response  is  influenced  not  so  mich  by  naphthenic  hydro¬ 
carbons  ,  whatever  the  content  and  nature  of  paraffin  hydrocarbons  in  the  composition 
of  these  fractions. 

Analogous  data  are  obtained  on  coemercial  oils  from  oils  of  different  origin. 

If  in  oils  AK-6  and  AK-10,  AS~9.5  from  Balakhany  butyric  upon  addition  of  depressor 
the  pour  point  is  lowered  approximately  by  12-17*,  then  corresponding  oils  from 
Balakhany  heavy  oil  absolutely  do  not  receive  the  depressor.  Consequently,  tar  and 
aromatic  hydrocarbons  al-rst  completely  paralyze  ability  of  depressors  to  lower 
pour  point  of  oils.  Conversely,  paraffinaceous  distillates  and  naphthene-paraffin 
hydrocarbons  have  a  good  response  to  depressors. 

From  what  has  been  said  it  follows  that  during  application  of  depressor 
additives  it  is  necessary  to  combine  Investigation  of  hydrocarbon  composition  of 


oil*  with  selection  of  opt  ism  degree  of  their  purification. 


Table  5.  Receptivity  of  Croupe  of  hydrocarbon*  and  Tarry  Substances,  Separated 
from  Distillates  and  Oils  of  Certain  Baku  Oils,  to  AxNIX  Depressors 
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Response  of  Oils  and  Croups  of  Hydrocarbons  Separated 
from  Then  to  Antioxidant  Additives 

The  response  of  a  number  of  distillates  and  oils,  and  also  groups  of  hydro** 
carbons  separated  from  them  to  antioxidant  additives  was  studied. 

Onpurified  butyric  distillates  or  badly  purified  oils  have  a  weak  response  to 
antioxidants.  Thus,  distillates  AS-9.5,  obtained  from  oils  Binagadin,  Balakhany, 
butyric  oils  and  oil  of  the  Neftyanyye  Kamni  deposit,  do  not  absorb  antioxidant 
additives  — s-naphthol  and  paraoxydiphenylamine.  As  compared  to  corresponding 
distillates  the  stability  of  purified  oils  is  sharply  increased,  while  stability  of 
lubricating  oil  AS-9.5  of  Balakhany  butyric  oil  is  higher  than  stability  of  oils 
from  remaining  oils.  Purified  oils  have  good  response  to  antioxidants. 

Study  of  response  of  oils  of  different  degree  of  purification  to  antioxidants 
showed  that  with  increase  of  degree  of  purification  the  response  of  oils  to 
additives  is  increased. 

Kaphtfeeae-paraffin  hydrocarbons ,  separated  from  distillates  and  oils  of  Baku 
oils  —  Balakhany  butyric,  Buzovny,  Blnagad  and  oil  of  the  Neftyannye  Kamni  deposit, 
have  a  low  stability;  however,  they  possess  good  response  to  antioxidants  (Tables 
6  tnd  7).  At  the  same  time  aromatic  hydrocarbons  and  tar,  being  very  stable,  are 
not  sensitive  to  the  shown  additives. 

It  is  interesting  to  note  that  corresponding  aromatic,  and  also  naphthene- 
paraffin  hydrocarbons,  separated  from  oils  of  different  petroleums  differ  in 
stability,  and  also  in  receptivity  to  antioxidants;  this  is  connected  with  hydro¬ 
carbon  and  structural  composition  of  oils  from  which  are  aep-  ra„«*d  groups  of  hydro¬ 
carbons.  General  regularities  in  change  of  stability  of  butyric  components 
separated  from  oils  of  different  petroleums,  are  identical. 


»ri/\ 


Table  6*  Results  of  Investigation  of  Response  to  Antioxidants  of  Groups  of 
Hydrocarbons  Separated  Prom  Distillates  and  Oils  of  Different  Origin 


Groups  of  Hydrocarbons 


Distillate  of  oil  (AK-10) 
Naphthene- paraffin . 


Aromatic .......... 

Tarry  substances.. 

Oil  AS-9.5 
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Investigation  of  influence  of  aromatic  hydrocarbons  and  tarry  substances  on 


stability  rt  oxidation  of  naphthene- paraffin  hydrocarbons  separated  from 

distillates  and  oils  of  different  origin,  shoved  that  stabilizing  action  of  aromatic 


hydrocarbons  and  tarry  substances  depends  on  their  character,  and  also  on  origin  of 


r -v  ,hene-pw.*aflin  hydrocarbons  themselves. 

Upon  addition  of  aromatic  hydrocarbons  and  resins  it  is  possible  to  reach 
sharp  improvement  of  stability  of  naphthene-paraffin  hydrocarbons. 


Table  7.  Results  of  Investigation  of  Receptivity  of  Groups  of  Hydrocarbons 
Separated  from  Distillate  of  Oil  AK-10  of  Buzovny  Oil,  to  Antioxidant 

Additives 


Stability  AzMII*,  minutes 

of 

additive , 
% 

Naphthene- 

paraffin 

hydrocarbons 

Light  aromatic 
hydrocarbons 

Avera' 

aromai 

hydroc 

:ic 

:arbons 

Additive 

i 

induction 
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time  of 
absorption 
of  10  ml  of 
oxygen 

induction 

period 

time  of 
absorption 
of  10  ml  of 
oxygen 
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period 

time  of 
absorption 
of  10  ml  of 
oxygen 
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Response  of  Different  Groups  of  Butyric  Hydrocarbons  to 
Multifunctional  Addition  AZNII-7 


We  studied  stability  and  antioxidant  properties  of  oils,  distillates  and 
different  groups  of  hydrocarbons  separated  from  distillate  of  Buzovny  oil,  and 
response  of  them  to  additive  aznii-7,  and  also  influence  of  aromatic  hydrocarbons 
and  tarry  substances  on  response  of  methano  naphthene  hydrocarbons  to  additive 


aznii-7. 


Fig.  1.  Results  of  co- 
termination  of  stability 
according  to  method  of  AzNII. 
l)  distillate  of  oil  AK-1C  af 
Buzcvny  oil.;  2)  oil  AK-10  of 
selective  purification;  3) 
naphthene-paraf f in  hydrocarbons ; 

4)  light  aromatic  hydrocarbons; 

5)  average  aromatic  hydro¬ 
carbons;  6)  heavy  aromatic 
hydrocarbons;  ln-6n  —  corre¬ 
sponding  products  with  3% 
additive  aznii-7. 

KbY:  (a)  Time,  minutes;  (b) 
Quantity  of  absorbed  oxygen, 
crP. 


Fig.  2.  Influence  of  aromatic 
hydrocarbons  and  tarry  substances 
on  change  of  stability  of  r.aphthene- 
paraffin  hydrocarbons  and  response 
to  additive  aznii-7. 
Naphthene-raraffin  +  hydrocarbons: 
l)  light  aromatic;  2)  average 
aromatic;  3)  heavy  aromatic;  4) 
tarry  substances;  In- 4n— corre¬ 
sponding  products  with  3%  acaitive 
aznii-7. 

KEY:  (a)  Tine  of  absorption  of 
10  car  oxygen,  min;  (b)  Quantity  of 
aromatic  hydrocarbons  or  resins,  %. 


It  is  established  that  additive  «-znii-7,  as  other  multifunctional  additives, 
lowers  stability  of  distillates  and  oils  (see  Table  l). 

Naphthene-paraffin  hydrocarbons  possess  low  stability  and  anticorrosive 
properties,  but  they  very  effectively  absorb  additive  aznii-7  (Fig.  1-3)*  Their 
stability  during  addition  of  additive  is  increased  almost  twice. 

Aromatic  hydrocarbons  have  best  stability  and  anticorrosive  properties,  but 
weal;  receptivity  to  additive  aznii-7,  with  the  exception  of  light  aromatic  hydro¬ 


carbons  . 


?ig.  3*  Irifluer.ee  of  aromatic 
h  -crocarbons  and  tarry  substances 
cr.  change  of  corrosiveness  of 
naphthene-paraffin  hydrocarbons. 
!lphthene-paraffin  +  hydro¬ 
carbons:  I)  light  aromatic;  2) 
average  aromatic;  3)  heavy  aromatic; 
4)  resin;  5)  resin  not  soluble  in 
phenol;  6)  resins  soluble  in  phenol. 
KEY:  (a)  Corrosion,  g/n2;  (b) 
Quantity  of  aromatic  hydrocarbons 
or  resins,  %. 


Investigation  of  influence  of  aromatic 
hydrocarbons  and  tarry  s’b&tanees  on  working 
properties  of  naphthene-paraffin  hydro¬ 
carbons  and  on  their  receptivity  to 
additive  aznli-7  showed  that  naphthene- 
paraffin  hydrocarbons  in  combination  with 
aroaatic  hydrocarbons  or  resins  during  a 
definite  concentration  of  the  latter 
possess  higher  qualities.  However,  the 
presence  of  these  groups  of  hydrocarbons 
and  resins  in  definite  degree  lowers 
response  of  naphthene-paraffin  hydrocarbons 
to  additive  a2nii-7. 


Resins  soluble  in  phenol  contain 
approximately  twice  more  sulfurous  and  nitrous  compounds  as  compared  to  resins  not 
soluble  in  phenol,  in  consequence  of  which  they  significantly  lower  corrosiveness 
of  naphthene-paraffin  hydrocarbons. 


ABOUT  MECHANISM  OF  ACTION  Or  CERTAIN  TYPES  OF  ADDITIVES  TO  OILS 
(Detergent,  Anticorrosive,  and  Antiscoring  Additives) 

Yu.  S.  Zaslavskiy,  C.  I.  Shor,  and  R.  N.  Shneyerova 

rai  NP* 


On  RUM-1  set  up  with  radioactive  rubbing  parts  is  investigated  infuer.ce  of 
composition  of  different  alkyl pheno late  and  sulfonate  additives  on  effectiveness 
of  their  neutralizing  action  C 1—3 ] .  It  is  shown  that  at  the  basis  of  mechanism  of 
anticorrosive  action  of  neutralizing  accitives  lie  electrochemical  processes  and 
that  the  most  effective  additives  have  to  contain  cations  with  the  biggest  negative 
normal  electrode  potential,  and  during  neutralization  of  aggressive  acids  have  to 
form  readily  soluble  salts  which  do  r.ot  render  an  abrasive  action  on  friction  surface. 
It  is  established  also  that  the  cost  effective  neutralizing  action  belongs  to  the 
additive  whose  cations  are  able  to  be  easily  dissociated,  in  particular  alkyl pheno late 
additive  [3,  U'l. 

In  recent  years  we  >-nd  other  authors  discovered  that  during  mixing  of  components 
of  accitives  thjir  functional  action  can  worsen  C5-8).  The  causes  of  suppression 
of  functional  action  were  in  actail  investigated  with  the  help  of  a  laboratory 
installation  [5].  The  presence  of  a  suppression  sffect  was  sstablished  also  during 
comparison  of  results  of  determination  of  neutralizing  action  on  laboratory 
installation  11".'- 1  with  results  of  stand  motor  tests. 


♦All-Union  Scientific  Research  Institute  for  Oil  ana  Gas  Refining  ar.c  th< 
Production  cf  Synthetic  Liquic  Fuel. 


Fig.  1.  Change  of  neutralizing 
effectiveness  of  oil  DS-11  with 
additives  depending  upon  period 
of  its  work  in  diesel  engine  D-38 
(according  to  tests  on  laboratory 
RUM-1  installation).  For  compar¬ 
ison  is  shown  loss  of  weight  of 
set  of  piston  rings  for  100  hour 
tests  of  diesel  engine  on  the 
same  oils. 

1)  DS-11  +  2.861  vnii  no-350-  2) 
DS-11  +  2.86?:  vnii  np-350  +  1.11* 
vnii  np-353;  3)  DS-11  +  2.86,1 
vnii  np-350  +  1.141  vnii  np/-354. 

KhY:  (a)  Neutralising  effectiveness 
a. '.nates;  (b)  Length  of  operation  of 
oil  in  diesel  engine  D-38,  hours; 

(c)  Total  wiar  after  100  hours,  mg; 
io)  Vnii-r.p. 


On  motor  D-38  by  the  100-hour 
method  (n  =  1420  rpm,  consumption  of 
fuel  ?.5  kg/hour,  temperature  of 
cooling  water  95 ®,  temperature  of  oil 
in  crankcase  90-95°,  diesel  fuel  with 
content  of  sulfur  1%)  jointly  with 
V.  D.  Reznikov  was  tested  oil  DS-11 
NKZ  2.861  additive  vnii  np-350  and 
oil  with  the  same  additive  in  mixture 
with  dialkyldithiophosphate  components 
in  one  case  with  l.lll  vnii  np-353, 
and  in  the  other  case  with  1.14 
vn  *  np-354.  After  20,  60,  and  100 
hours  work  of  motor,  samples  of  oils 
were  removed  whose  neutralizing 
effectiveness  then  was  determined  on 
a  laboratory  installation. 

In  Fig.  1  is  showr  loss  of  weight 
of  set  of  piston  rings  of  motor  D-38 


after  100  hours  and  change  of 

neutralizing  effectiveness  of  oils  with  their  use  in  the  motor.  As  can  be  seen, 
the  distinction  in  neutralizing  effectiveness  of  initial  oils  containing  an  equal 
quantity  of  barium,  caused  by  overwhelming  action  of  dialkyldithiophosphate  compo¬ 
nents,  is  kept  during  the  whole  work  period  of  oil  in  motor,  which  also  determined 
distinction  in  total  wear  x  i.t  of  piston  rings  for  100  hours  during  operation  of 


motor  on  an  oil  with  these  additives. 


At  the  same  time  results  of  these  motor  tests,  given  in  Table  1,  ‘show  that 
increase  of  wear  of  piston  rings,  combined  with  suppression  of  neutralizing  action 
of  barium  alkylphenolate  by  dialkyldithiophosphate  components  is  accompanied  by 
noticeable  decrease  of  quantity  of  scale,  especially  on  pistons  of  motor. 


Table  1.  Results  of  Kotor  Bench  Tests  of  Oils  with  Additives  on  Diesel 

Engine  D-38 


Oil  DS-11  with  additives 

Index 

2.86% 

vnii  np-350 

2.86?: 

vnii  np-350 
+  1.1155 
vnii  np-353 

2.86% 

vnii  np-350 

1  .  X<4% 

vr.ii  np-35A 

Quantity  of  scale  on  set  of 
rings,  g: 

Compression . 

0.109 

0.132 

0.092 

Oil- removable . 

0.010 

0.065 

0.U48 

Quantity  of  scale  i.t  grooves 
of  piston,  g . 

0.930 

0.373 

0.317 

Quantity  of  scale  on  piston 
(besides  bottom),  g . 

i 

1.850 

0.995 

0.815 

Wear  of  sets  of  piston  rings, 
mg: 

Compression . 

30 

65 

72 

Oil-removable . 

5 

10 

15 

Apparently,  in  a  number  of  cases  it  is  necessary  to  apply  a  mixture  of  compo¬ 
nents  of  additives  which  would  possess  satisfactory  detergent  action  with  a  certain 
impairment  of  neutralizing,  and  consequently  also  antiwear  properties.  However, 
iz  is  more  expedient  to  select  such  mixtures  of  components  of  additives  in  which 
effects  of  suppression  of  any  functional  properties  are  absent. 

Tr.g  Mechanism  of  Action  of  Anticorrosive  and  Antiscorinr  Additives 

During  the  study  of  mechanism  of  action  of  anticorrosive  additives  to  oils  it 
was  established  that  the  most  effective  protection  of  bushings  from  nonferrous  metals 
and  alloys  from  corrosion  under  the  action  of  products  of  oxidation  of  oil  is 
attained  in  cases  when  the  protective  film  created  on  surface  of  metal  consists  of 


molecules  of  additive,  forming  a  complex  with  the  metal  [3,  10,  11].  This  led  to 
the  conclusion  that  the  biggest  anticorrosive  effectiveness  is  guaranteed  by  polar 
sulfur-  or  phosphorous-containing  compound,  in  the  molecules  of  which  the  shown 
elements  have  the  most  durable  bonds. 


Results  of  study  of  mechanism  of  chemical  destruction  anticorrosive 
protective  filr.s  confirmed  this  conclusion:  it  was  shown  [11,  12]  that  destruction 
of  film,  leading  to  loss  of  anticorrosive  effect,  takes  place  by  means  of  solvational 
breakaway  of  radicals  of  additive  by  acids.  Consequently,  durability  of  bonds  of 
sulfur  or  phosphorous  in  molecules  of  additive  determines  duration  of  preservation 
of  anticorrosive  effect,  other  things  being  equal. 

The  investigations  conducted  allowed  a  clear  determination  (absent  up  to  now) 
of  fundamental  distinction  in  requirements  presented  to  chemical  compounds  during 
selection  of  anticorrosive  and  ant  scoring  additives  to  oils.  This  distinction 
results  in  the  fact  that  anticorrosive  additives,  as  was  shown  above,  have  to 
possess  durable  bonds  of  sulfur  or  phosrhorus  in  molecules,  whereas  antiscoring 
additives  have  to  easily  chip  sulfur,  phosphorus  or  chlorine  for  formation  on  metal 
of  corresponding  sulfiee,  phosphides  or  chlorides  at  high  contact  temperatures .  3y 
such  fundamental  distinction  between  shown  forr.s  of  additives  is  explained  the 
biggest  antiscuring  effectiveness  (established  by  many  authors)  of  chcmically-active 
compounds  which  are  corrosively  aggressive  with  respect  to  metals  protected  by  them 
from  scoring  [13-16). 

All  the  above-stated  led  to  the  conclusion  tnat  creation  of  the  most  effective 


antiscoring  additives  is  possible  not  only  as  a  result  of  the  usually  appiico 
selection  of  chemical  compounds,  which  would  ensure  a  sufficient  antiscoring  effect 
with  minimum  corrosive  influence  [13,  17],  but  also  selection  of  two-component 
additives  which  are  a  '•oabinatior.  of  the  most  effective  antiscoring  and  anticorrosive 


components . 


For  investigation  and  selection  of  such  two- component  additives  in  laboratory 


conditions  in  the  VI. II  NT  is  applied  radiometric  determination  of  corrosive 
aggressiveness  of  oil  with  additive  in  combination  with  evaluation  cf  its  antiscoring 
properties  on  the  usual  four-ball  apparatus  [18], 

Corrosive  aggressiveness  was  investigated  with  respect  to  radioactive  copper 
of  different  sulfur-  and  chlorine-containing  compounds  and  their  combinations , 
finding  use  as  antiscoring  additives  [173.  Of  a  number  of  investigated  compounds, 
the  biggest  chemical  activity  was  in  the  compound  of  3%  diber.zyldisulfide  with  7% 
chlorinated  paraffin.  According  to  tests  on  four-bail  apparatus  this  compound 
ensured  a  high  antiscoring  effect. 


Table  Results  cf  Eetorminations  of  Corrosive  Aggressiveness  and 

.h:-(  ^  "  :Ao 


Antiscoring  Effectiveness  of  Oil  with  Aaditives  at  a  Temperature 


-f- 


i  Corrosion  of  copper,  kg 


m..  atC 

to  seising 
(four-ball 
machine),  kg 


Oil  of  sole 


viscosity 
Vr.e  same  +  3"  diaensyldi- 
sulfid?  +  7:^  chlorinated 

paraffin. . . . . 

The  same  f  3%  dibenzyldi- 
sulfid*:  -*■  7%  cnlorinated 
paraffin  +  6!>  anticorro¬ 
sive  auditive . 


0.9 


18.2 


8.6 


126 


■>  — 
ICO 


Tc  select  the  anticorrosive  component  in  oil  with  dibenzy ldlsul fide  and 
chlorinates  p-r-ffin,  different  additives  ver*  introduced.  5oco  of  them  ensured  a 
lowering  of  corrosive  aggressiveness  with  respect  to  copper  and  steel.  In  Table  1 
are  given  roatlts  of  rauicmetric  determinations  and  data  of  tests  carried  cut  on  a 
four-ball  apparatus  for  oil  of  selective  purification  having  viscosity  *  -  la  cs 
with  the  meat  effective  of  the  tested  anticorrosive  aaditives. 


ri£.  2.  Cori-osion  of 
steel  under  the  action 
cf  oil  with  additives, 
experiments  are  con¬ 
ducted  at  a  temperature 
of  oil  of  200°. 

1)  oil  of  selective 
purification  •*  =  14  cs 
+  3*  dibenzyldisuifide 

*  7%  chlorinated  paraffin; 

2)  the  same  (that  arc  l) 

+  0.5^  tri phenyl phosphit o . 
Klff :  (a )  Corrosion , 
milligrams  Fe;  (b)  Duration 
of  experiment,  hours. 


0.3%  triphenylphosphite  ensured  effective 
temperature  of  oil  of  200°)  under  the  act 


Upon  introduction  of  additive 
corrosive  aggressiveness  of  oil  was 
sharply  lowered  without  impairment 
of  antiscoring  properties.  However, 
this  additive  ensured  effective 
anticorrosive  action  in  conditions 
of  tests  only  for  10  hours. 

Along  with  the  empirical  selection 
of  anticorrosive  components  was  con¬ 
ducted  also  a  radiometric  investigation 
of  anticorrosive  properties  of 
pho s phoro us-containing  compounds , 
proceeding  from  ‘he  earlier  established 
[3 ,  10,  11]  ability  of  metal  phosphide 
not  to  be  dissolved  under  action  of 
oxidation  products  of  oil.  As  can  be 
seen  in  Fig.  2  introduction  in  oil  of 
reduction  cf  corrosion  of  steel  (at  a 
on  of  oil  of  selective  purification  with 


3%  dibenzyloisulfide  and  7%  chlorinated  paraffin. 


About  Mechanism  of  Action  of  ne torment  Additives 


Using  the  radioindicator  method  of  investigation  of  electrokinetic  processes 
[19,  20]  data  were  obtair.ee  about  mechanism  of  detergent  action  of  certain  additives 
introduced  in  different  concentrations  into  motor  oils. 

It  was  shown  that  mechanism  of  detergent  action  of  these  additives  may  be 
considered,  proceeding  from  micellar  theory  of  solutions  of  surface-active  materials. 
In  Fig.  3  for  example  are  given  obtained  dependencies  of  sp^ed  of  electrophoresis 


on  concentration  of  different  additives  in  oil  AS-5  from  sulfurous  oil.  Introduction 
of  additive  PMSya  (l~st  group,  ash  content  17%)  in  any  concentrations  caused  shift 
of  tagged  carbon  black  only  on  cathode,  whereas  additive  tsiatim-339*  caused  a  shift 
of  carbon  black  only  in  the  direction  of  the  anode.  Dialkyldithiophosphate  additives 
vnii  np-353  and  vnii  np-354  up  to  definite  concentrations  caused  shift  of  carbon 
black  onto  the  anode,  and  with  large  concentrations  —  onto  the  cathode. 

The  ch  .raster  of  curves  shown  in  Fig.  3  can  be  explained  proceeding  from  the 
theory  of  McBean  about  the  presence  in  solutions  of  surface  active  materials  of 
micelles  of  different  dimensions  and  types,  depending  upon  concentration  of  shown 
substances,  and  also  considering  established  analogy  in  volumetric  properties  of 
aqueous  and  hydrocarbon  solutions  of  surface  active  materials  [21],  Thus,  in  the 
case  of  additives  vnii  np-353  and  vnii  np-354  with  a  low  concentration  of  them  in 
oil,  obviously,  small  strongly  charged  ionic  micelles  are  formed,  ensuring  a  high 
speed  of  electrophoresis  of  carbon  black  solubilized  by  them.  With  an  increase  of 
concentration  of  these  additives  in  oil  big  weakly  charged  micelles  start  to  pre¬ 
dominate,  as  in  a  consequence  of  which  speed  of  electrophoresis  of  carbon  black  is 
lowered.  Upon  achievement  of  definite  concentrations  of  additives  in  oil  with 
mice? Is  antiions  start  to  associate,  changing  the  direction  of  electrophoresis. 

Kicellar  character  solutions  of  additive  PMSya  confirm  data  of  Table  3»  in 

which  are  given  results  of  measurements  of  electrical  conductivity  at  100°  of 

0 

.oiutaons  of  this  additive  and  alkylphenolate  additive  vnii  np-350  in  oils  of 
various  viscosity  AS-5  and  AS-9.5  from  sulfurous  oils.  The  shown  additives  were 
introduced  in  oils  in  such  quantities  that  concentration  of  cations  in  oil  was 
identical. 

*Sd.  Note:  The  additive  is  named  after  the  research  institute  TsIATIM  =  tsiatim 
=  Centra.1.  Scientific  Research  Institute  of  Aviation  Fuels  and  Lubricants. 


fig.  3.  Influence  of  concentration  of 
different  additives  on  apef.-d  of  electro¬ 
phoresis  of  the  tagged  carbon  black  in  oil 
AS-5  tram  sulAirous  oil. 

1)  taiatin-339;  2)  vnii  np-354;  3)  vnii  np- 

353s  4)  PKSya. 

KETs  (a)  Speed  of  electrophoresis,  imp/ sec/hour; 
(b)  Oil  without  additive;  (c)  10  concentration  of 
additive  in  oil,  %. 


Table  3*  Electrical  Conductivity  at  100*  of  Oils  Vith  Alkylphenolate 

and  Sulfonate  Additives 


Additive 

Content 
in  oil, 

t 

Base 

oil 

Current  thn 

ough  oil  at  90v 

% 

Vnii  np-350 . 

5 

AS-9.5 

1.57 

100 

AS-5 

1.75 

111 

FMS  . 

2 

AS-9.5 

0.50 

100 

I* 

AS-5 

i 

1.10 

220 

> 

From  Table  3  it  is  clear  that  with  decrease  cf  viscosity  of  base  oil  by 
approximately  two  tines,  for  the  solution  of  sulfonate  additive  is  observed  a 
growth  of  electrical  conductivity  by  sore  than  tt*>  tines,  and  for  the  solution  of 
alkylphenolate  additive  by  only  ll£.  This  is  the  result  of  a  significantly  larger 
ratio  of  charge  of  particles  (ions)  to  their  mass  during  ionic  electrical  con¬ 
ductivity  in  a  solution  of  alkylphenolate  additive  than  during  elec  fro  phoresis  of 


electrical  conductivity  with  the  help  of  colloidal  micelles  in  a  solution  of  sulfonate 

i 

additive,  when  due  to  decrease  of  viscosity  resistance  to  shift  of  these  micelles 
decreases  significantly  sharper,  transferring  electrical  charge. 

Consequently,  it  is  possible  to  assume  that  mechanism  of  action  of  certain 
detergent  additives  is  combined  with  micellar  structure  of  solutions  of  these 
<  additives  in  oils  and  ability  of  micelles  to  solubilise  carbon  black  particles, 
whereas  mechanism  of  action  of  other  additives  is  combined  with  their  ability  to 
■  dissociate  in  oils  and  to  ensure  ionic  adsorption  on  carbon  black  particles  and 
1  surfaces  of  metals. 
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*  \ 

In  recent  years  there  has  been  vide  use  of  polyfunctional  additives,  which, 

■  besides  other  properties,  possess  detergent  action.  Pbr  certain  additives  this 
:  property  is  expressed  so  strongly  that  they  are  usually  called  detergent  additives. 
The  term  "detergent  additives”  became  widely  used  first  of  all  because  the  action 
of  such  additives  in  certain  relations  is  similar  to  the  action  of  well-known 
washing  substances,  applied  in  aqueous  solutions  (soap  —  salts  of  organic  acid, 
sulfonates,  and  others). 

I.-.  one  of  our  early  works  [l]  it  was  indicated  that  the  term  "detergent"  in 
application  to  considered  type  of  additives  should  not  be  considered  a  good  choice. 
A  rational  name  of  the  type  of  additives  should  have  a  scientific  foundation  and 

\ 

first  of  all  reflect  the  real  mechanism  of  action. 

In  many  eases  the  effectiveness  of  washing  action  of  additives  is  Judged  by 
r  latlue  cleanness  of  the  main  parts  of  the  (piston  group)  motor,  which  is  worfclj^ 

;  a  definite  time  with  application  of  lubricating  oil  containing  an  additive:  the 
|  quantity  formed  during  operation  of  motor  is  measured  of  carbonaceous  deposit, 

|  varnishes,  scales;  the  state  of  the  piston  rings  (scorching  of  rings)  etc,  is 
;  determined. 

i 


Such  evaluation  of  additive  (or  mixture  of  additives)  is  overall  and  can 
characterise  not  only  its  detergent  action.  Really  *  the  additive  can  possess 
properties  of  an  antioxidant {  upon  application  of  such  additive  will  decrease 
quantity  of  products  not  soluble  in  the  processed  oil,  which  in  turn  will  positively 
be  reflected  on  the  total  cleanness  of  the  motor.  The  very  sane  can  also  be  said 
relative  to  anticorrosive  and  even  antiwear  action  of  additives,  which  can  be 
reflected  in  the  total  state  of  the  no  tor  and  relative  cleanness  of  piston  group. 
However,  the  shown  properties  of  additives  have  no  relation  to  their  detergent 
action  and  have  to  be  investigated  by  specific  methods,  in  this  or  that  measure  by 
methods  based  on  our  knowledge  of  the  mechanism  of  action  of  additives.  Thus, 
antioxidant  action  of  additives  should  be  investigated  by  those  methods  which  are 
used  for  typical  antioxidants. 

Consequently,  for  the  characteristics  of  detergent  action  of  additive  it  is 
Important  to  separate  this  action  from  other  properties  of  the  additive  for  idiich 
It  is  necessary  to  know  mechanise  of  the  washing  action  itself  of  the  additives. 

To  the  mechanism  of  detergent  action  of  additives  Is  devoted  s  large  masher  of 
works;  however,  a  significant  part  of  the  works  carries  the  character  of  assumptions, 
not  alvriys  sufficiently  founded  by  experimental  data. 

All  works  considering  mechanism  of  action  of  detergent  additives  can  be  divided 
into  two  groups.  To  the  first  group  belong  works  in  which  the  main  attention  is 
to  the  dispersive  action  of  detergent  additives;  in  the  second  group  are  works  in 
which  this  mechanism  is  considered  in  other  aspects. 

Let  us  consider  certain  positions  advanced  in  works  of  the  second  groups. 

Denison  and  Clayton  (2]  showed  that  deposits  forming  in  the  piston  group 
during  operation  of  motor  contain  significant  quantities  of  oxy-aclds  not  soluble 
in  oil,  end  expressed  the  assxmption  that  detergent  additives  of  the  salts  of 
organic  acids  type  (soap),  for  instance  naphthenat.es  of  alia lmm,  can  react  with 
oxy-aclds,  fernlng  compounds  soluble  in  oil.  In  the  opinion  of  other  authors 


(3#  &],  such  detergent  additives  as  salts  of  organic  acids  and  alkyl phenola tes , 
can  to  catalysts  of  oxidations  which  pronote  transformation  of  undesirable  products 
of  oxidation  of  oil  hydrocarbons  —  oxy-adds  and  asphaltenes  —  into  earbenes  and, 
possibly,  earboids;  the  latter  are  easily  washed  off  from  metallic  surface  and  form 
a  suspension  with  oil. 

the  shown  presentations  reflected  the  initial  period  of  research  in  the 
region  of  detergent  additives,  combined  with  application  of  detergent  additives  of 
the  salts  of  organic  acids  type.  Besides  salts  of  organic  acids,  other  types  of 
additives  possessing  detergent  action  now  are  wide-spread,  for  instance  sulfonates 
and  dialkyldithiophosphat.es  which  cannot  chemically  react  with  oxy-adds,  but  which, 
nonetheless,  possess  the  detergent  action  cooaon  for  all  this  class  of  additives. 

But  it  is  proven  also  that  alkyl  phenol  a  are  catalysts  of  oxidation  of  oxy  acids. 

Recently  A.  V.  Pruzhinina,  ?.  S.  Taman 'yan  and  I.  V.  Morozova  also  explained 
(6]  the  mechanism  of  detergent  action  of  additive  tsiatin-339,  barium  alkylphenolate 
disulfide,  by  chemical  reaction  of  this  additive  with  organic  acids  obtained 
during  oxidation  of  Hydrocarbons  of  oil.  In  the  opinion  of  the  authors  are  formed 
oil-soluble  salts  of  organic  adds  and  free  alkylphenol  disulfide,  which  in  turn, 
change*  -^phalt-tar  substances  into  a  butyric  solution,  preventing, thereby,  their 
deposit  on  motor  parts.  The  authors  di  not  confirm  their  asstaption  by  experimental 
■cans  which  it  would  have  been  possible  to  do,  introducing  free  alkylphenol  directly 
in  the  recessed  oil  and  studying  its  influence  on  properties  of  oil.  Such  a  check 
>  -  ran  -  by  I?.  I.  Itinskaya  and  M.  0.  Degtyarev  (7],  which  showed  that  detergent 
.c  .on  of  additive  tsiatim-339  cannot  be  combined  with  formation  of  free  alkyl¬ 
phenol,  i of  course,  he  will  be  formed*. 

•The  authors  of  this  work  [7]  base  their  own  conclusions  oo  references  to  the 
data  of  a  table,  which,  apparently,  by  the  fault  of  the  authors  or  the  editorial 
office  is  lack in.  in  the  article. 


A  larger  part  of  researchers  connects  the  detergent  action  of  the  additives 
first  of  all  with  their  dispersive  ability.  This  position  is  shared  also  by  the 
authors  of  this  report.  Certainly,  individual  additives,  besides  their  own 
detergent  action,  can  possess  specific  features,  for  instance,  neutralizing  action. 
Certain  additives  contain  components  which  neutralize  acids  forming  as  a  result  of 
combustion  of  sulfurous  compounds  of  sulfurous  fuels.  However,  this  action  of 
additives  must  be  considered  as  a  neutralizing  action,  not  confusing  it  with 
detergent  action. 

The  dispersive  action  of  additives  in  this  or  that  measuro  is  discussed  in  a 
number  of  works  of  Soviet  [1,  8-13]  and  foreign  authors  [14-22],  In  certain  works 
are  also  considered  methods  of  determination  of  dispersive  ability  additives.  A 
short  stannary  of  proposed  methods  is  given  in  the  works  of  P.  I.  Sanin  and  N.  S. 
Nametkin  [l]  and  in  recent  work  of  Ye.  A.  Myshkin  [13]. 

Of  the  enumerated  works  one  should  stop  relatively  closer  to  the  time  of  works 
of  the  English  researchers  Badaeley,  Garner,  and  other  [21,  22]  and  French  research¬ 
ers  Courtel,  Larbre,  and  Bemelin  [17,  18], 

The  first  researchers  in  their  interesting  and  fundamental  work  studied  con¬ 
dition  of  stabilization  of  suspensions  with  the  help  of  detergent  additives  and 

made  an  attempt  to  prove  the  adsorptive  character  of  the  mechanism  of  action  of 

* 

these  additives  by  experimental  means.  The  obtained  results,  however,  could  not 
serve  as  a  sufficient  base  for  quantitative  interpretation  of  the  process  of 
adsorption,  since  experiments  were  conducted  with  an  additive  (naphthenate  of 
aluminum)  which  is  not  an  individual  compound,  and  quantitatively  the  additive  was 
determined  in  hydrocarbon  solution  according  to  change  of  surface  tension  of  its 
solutions  on  boundary  with  water. 

Fronch  rosearchers  showed  that  stability  of  suspensions  consisting  of  lubri¬ 
cating  oil  and  carbonaceous  particles,  forming  mainly  as  a  result  of  Incomplete 
combustion  of  hydrocarbons  of  fuel,  in  significant  degree  depends  on  temperature. 


The  suspension,  stable  at  relatively  node  rate  temperatures,  at  increased  temperatures 
can  became  unstable;  In  this  case  is  observed  adhesion  of  carbonaceous  particles, 
formation  of  big  flakes  (flocculation),  which  easily  fall  from  oil.  This  process 
can  be  observed  in  the  motor  in  the  most  heated  of  its  parts.  The  authors  also 
proposed  a  method  of  determination  of  dispersive  properties  of  additives,  founded 
on  determination  of  temperature  limit,  higher  than  which  in  standard  condition* 
flocculation  of  carbonaceous  particles  takes  place. 

This  work  is  dedicated  to  investigation  of  mechanism  of  dispersive  action  of 
additives. 

|  A  larger  part  of  the  investigation  was  conducted  with  polyfUnctional  additives 

i  of  the  metal  dialkyldithiophosphates  type  and,  especially,  nickel  dialkyldithio- 

i 

phosphate.  As  was  shown  in  [23],  di-n-octadecyldithiophosphate  [ )2PS5 ]2^i 

f 

!  possesses  strong  detergent,  action;  in  the  presence  of  this  additive  (1.5#)  detergent 
;  properties  of  oil  KS-20  (Ehba)  are  improved,  according  to  PZV  estimation  from  4.5 
i  to  0.5  point.  The  use  of  additives  which  are  individual  compounds,  excluded  the 
'  influence  of  unknown  components,  usually  assisting  in  technical  additives.  Additives 
of  the  nickel  dialkyldithlophosphate  type  were  selected  also  because  their  hydro- 

I 

carbon  lotions  have  a  specific  (violet)  color  that  was  used  for  quantitative 
;  colorimetric  determination  of  concentration  of  additives  in  experiments  on  adsorption. 

efface  Activity  of  Nickel  Dialkrldithiophosrhat.eg 

The  chemical  structure  of  dialkyldithiophosphates  of  bivalent  metals  (nickel, 
z~  :,  calcim,  barlisO 

so.  ,5—Mc— Sv  OS 

;  ^ ,  s'N* 

i 

!  gives  a  basis  for  attributing  them  tc  surface  active  materials  possessing  a  dipolar, 

€ 

]  two-branched  str.cture.  A  molecule  of  dlalkyldithioph^sphale  of  mstal  contains  a 

| 

|  polar  group  and  four  hydrocarbon  radicals,  which  cat  have  a  different  structure. 


surface  activity  of  dialkyldithiophosphates  was  studied  first  of  all  by 
removal  of  isotherms  of  surface  tension  of  solutions  of  dialkyldithiophosphates  in 
a  hydrocarbon  medium  on  boundary  with  water. 

As  camples  of  metal  dialkyldi¬ 
thiophosphates  were  taken  di-n-butyl-, 
di-n-decyl-  and  di-n-octadecyldithio- 
phosphates  of  nickel.  Solutions  of 
nickel  dialkyldithiophosphate  in 
heptane,  and  also  in  benzene  were 
used,  since  di-r.-nickle  octadecyldi- 
thiophosphate  will  readily  dissolve 
in  benzene  and  will  badly  dissolve  in 
heptane.  Surface  tension  <r^2was 
determined  by  finding  the  biggest 
pressure  drops  using  P.  A.  Rebinder's 
[24]  instrument. 

The  obtained  isotherms  of  surface 
tension  «  **  f(c)  are  shown  in  Fig.  1,  corresponding  to  them  are  isotherms  of  adsorp¬ 
tion  T  **  f(c)  in  Fig.  2. 

In  Figs.  1  and  2  it  is  clear  that  surface  activity  (adsorbability)  in  number 
of  nickel  dialkyldithiophosphates  increases  with  increase  of  length  of  hydrocarbon 
radicals  (C^,  C^q  and  C^g).  The  biggest  surface  activity  is  possessed  by  di-n- 
octadecyldithiophosphate  of  nickel.  Determined  by  graphs,  the  limiting  maximum 
value  of  adsorption  (/’*.•  ««•).  corresponding  to  full  saturation  of  adsorptive  layer 
on  a  hoptane-water  boundary,  was  equal  for  di-n-butyldithiophosphate  to  1.35*10“^ 
and  for  di-n-decyldithio phosphate,  to  3 .33* 10”^®  nole/cn2.  During  adsorption 
from  bonzene  the  adsorbability  of  nickel  dialkyldithiphosphates  noticeably  drops: 
the  value  of  for  di-n-decyldithiophosphate  of  nickel  constituted  0.8*10“^ 

and  for  di-n-octadecyldithio phosphate  nickel  0,95*10“10  mole/cm2.  The  latter  is 

m 


Fig.  1.  Isotherms  of  surface 
tension  <rm  f(c)  of  dialkyl¬ 
dithiophosphates  of  nickel  in 
heptane  and  benzene  on  boundary 
with  Wat e r • 

1)  solution  [(C4H90)2PSS]2Ni  in 
heptane;  2)  solution 
[(CioH2iO)2PSSj2Mi  in  heptane; 
3)  solution  [(CjqHpiO^PSS^NI. 
in  benzene;  4)  solution 
[(CigHoTOjoPSS  -jNi  in  benzene. 
KEY:  \a)  *erg/cm2;  (b)  C, 
EffiOle/l. 


in  connection  with  the  easy  polarizability  of  benzene  [25]. 


Calculated  values  of  minimum 

_ area  occupied  by  a  molecule  in 

^2  a  saturated  layer  on  a  heptane-water 

:c.  / - - - - -  boundary  for  nickel  butyl-  and  di-n- 

8  >  v 

^  f[  —  — -  decyldithiopho3phate3  were  accordingly 

f  j 

LI — — , — i — . — . — . — — . — — . — >  123.0  and  Z*9.9A^.  It  was  possible 

0  ?<•  6  3  v  /<.  15  id  :o  2?  :<•  2s 

\OJ  C.  nno/it>/r- 

to  assume  that  for  identical  polar 

Fig.  2.  Isotherms  of  adsorption 

r  -  f(c)  of  r.lckcl  dialkyldithio-  groups  of  both  dialkyldithio phosphates 
phosphate  on  a  hopeane — water  -and  for  / 

benzene — water  boundary.  ar.d  /identical  arrangement  of  hydro¬ 


phosphate  on  a  hop  sane — water  -and 
benzene — water  boundary. 

1)  [(C^HpOjnPSSjoHi,  heotane — water; 

2)  [(cJ0H2nO)  j  n  opt  tine— 

water;  3)  L (C^H-iO)2rSS]2Ni. 
benzene — water;  '£)  C 

benzene — water- 

KET:‘  (a)TlO  ,  mole/cm2;  (c)  C, 
mrole/l . 


carbon  groups,  for  example,  vertical 
in  relation  to  boundary  of  section, 
the  magnitudes  SMUH  will  be  close. 
The  obtained  distinction  in  these 


magnitudes  indicates  that  hydrocarbon  groups  of  nickel  dialkyldithio phosphates  in 
adsorptive  layer  have  another  location,  while  to  more  high-molecular  dialkyluithio- 
phaspnate  corresponds  also  denser  packing  of  hydrocarbon  groups  in  adsorptive  layer. 
Consequently,  nickel  dialkyldithio phosphates  are  surface  active  materials  and  can 
be  adsorbed  from  hydrocarbon  medium  onto  a  hydrocarbon  medium  —  water  boundary. 

As  will  be  shown  below,  they  can  be  adsorbed  also  onto  the  surface  of  carbon 
particles  (carbon  black). 


Adsorption  of  Nickel  Dialkyldithio phosphates  on  Carbon 


Black  from  Solutions  in  Toluene 


The  method  of  determination  of  adsorption  of  nickel  dialkyldithiophosphates  on 
carbon  black  was  concluded  in  the  following  way.  From  a  definite  quantity  of 
dialkyldithiophosphate  solution  in  toluene  and  carbon  black  was  prepared  a  suspension 
(carbon  black  —  toluene).  After  establishment  of  udsorptive  equilibrium  (mixing 


of  suspension  in  ampul  for  6  hours)  and  subsequent  deposit  of  carbon  black  was 
determined  the  quantity  of  dialkyldithiophosphate,  remaining  in  solution;  then 
according  to  the  difference  (with  respect  to  the  taken  quantity  of  dialkyldithio- 
phosphate)  was  established  the  quantity  of  it  adsorbed  onto  the  carbon  black.  As 
it  turned  out,  the  color  of  the  obtained  diluted  solutions  of  nickel  dialkyidithio- 
phosphates  was  insufficient  for  quantitative  colorimetric  determination;  therefore, 
the  dialkyldithiophosphates  were  decomposed,  and  the  obtained  3alts  of  nickel  were 
changed  into  intensely  colored  complex  compounds  of  nickel  with  dimethylglyoxime. 


the  nickel  content  in  which  was  determined  by  colorimetric  means  [26], 

i  j  »  • 

In  Fig.  3  are  given  results  of  experiments  of  adsorption  of  nickel  dialkyldi- 


thiophosphate  onto  carbon  black  at  different  concentrations  of  carbon  black  in 


toluene.  The  equilibrium  concentration  of  dialkyldithiophosphate  in  separate 
experiments  was  changed  within  the  limits  of  37-700  milligram  or  from  0.03-0.5 
mmole/l  solvent  —  toluene.  The  obtained  dependencies  of  quantity  of  adsorbed 
dialkyldithiophosphate  on  its  equilibrium  concentration  are  typical  isothermic 
adsorptions. 

These  experiments  shoved  that  "detergent"  additive  -  nickel  dialkyldithio¬ 
phosphate  —  indeed  is  adsorbed  from  hydrocarbon  solution  onto  particles  of  carbon 
black. 

We  noticed  that  during  relatively  large  concentrations  of  carbon  black  in 
toluene  is  observed  agglomeration  of  particles  of  carbon  black  which  should  lead 
to  a  decrease  in  specific  surface  of  carbon  black  and  correspondingly  to  a  decrease 
of  quantity  of  adsorbed  dialkyldithiophosphate  (see  Fig.  3)*  Quantity  of  additive 
adsorbed  per  gram  of  soot  significantly  is  increased  with  decrease  of  concentration 
of  soot.  For  very  diluted  suspensions  (containing  O.C026  and  0.0061#  soot)  the 
isotherms  of  adsorption  practically  coincide.  It  is  possible  to  consider  that  for 
shown  concentrations  and  below  aggregation  is  practically  not  observed.  Further 
study  of  adsorption  was  conducted  on  suspensions  with  small  concentration  of  soot. 


Isotherms  were  removed  of 
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Fig.  3.  Isotherms  of  adsorption 
of  nickel  di-r.-octadecyldithio- 
phosphate  onto  carbon  black. 
Concentration  of  carbon  black: 

1)  0.51/S;  2)  0.25;  3)  0.025; 

4)  0.0132;  5)  0.0025;  6)  0.C0612. 
KEY:  (a)  mmole. 102/g;  (b)  C, 
mmole .102/l. 


adsorption  of  nickel  di-n-butyl-di- 
n-decyl-  and  di-n-octadecyldithio- 
phosphatcs  onto  soot  and  thus  is 
established  the  influence  of  length 
of  hydrocarbon  radicals  of  dialkyldi- 
thiophosphates  on  their  adsorbability. 
The  quantity  of  dialkyldithiophocphate 
adsorbed  on  1  g  soot  decreases  with 
increase  of  hydrocarbon  radicals, 
and  consequently  also  with  increase 
of  molecular  weight  of  dialkyldithio- 
phosphate.  The  calculated  molecular 
weight  of  di-n-butyl-,  di-n-decyl- 


and  di-n-octadecyldithio phosphates 
equal  541.4,  878.0,  and  1326.8. 

Values  of  maximum  —  limit  —  adsorption,  corresponding  to  full  saturation  of 
adsorptive  layer  onto  toluene  —  scot  boundary  (A*),  determined  by  isotherms  of 
adsorption  [27],  are  given  in  Table  1. 


Table  1.  Value  of  Limit  Adsorption  of  Nickel  Dialkyldithio phosphates 

on  Soot  (mmole/g  soot) 

_  Soot  —  Toluene  Suspension _ 


Compound 

Channel  black 

Thermal  black 

Nickel  di-n-butyldithio- 

rhosnhate . 

5.70 

16.00 

Nickel  di-n-decyldithio- 

4.08 

6.89 

Nickel  di-n-octadecyldithio- 
phosohate . . . 

3.17 

5.88 

Thus,  during  adsorption  of  nickel  dialkyldithio phosphates  onto  300t  (from 
solution  in  toluene)  regularity  was  obtained  with  respect  to  influence  of  length 
of  hydrocarbon  radicals,  the  opposite  observed  for  adsorption  onto  hydrocarbon  — 
water  boundary.  Apparently,  hydrocarbon  radicals  of  molecules  of  nickel  dialkyldi- 
thiophosphates  adsorbed  onto  soot,  have  another  location  in  space  than  in  the  case 
of  adsorption  onto  a  hydrocarbon  —  water  boundary;  molecules  with  longer  radicals 
have  a  less  compact  structure  and  occupy  a  larger  area  on  surface  of  soot.  If  one 
were  to  convert  into  weight  quantities,  then  1  g  channel  black  adsorbed  3.1  g  di-n- 
butyldithio phosphate ,  3*6  g  di-n-decyldithiophosphate,  and  4.2  g  di-n-octadecyldi- 
thio phosphate. 

Molecules  of  additives  of  the  dialkyldithiophosphates  type  are  adsorbed  from 
hydrocarbon  solutions  onto  particles  of  soot.  As  a  result  of  such  adsorption,  as 
will  be  shown  below,  adhesion  is  prevented  (aggregation,  flocculation)  of  the 
particles  of  soot,  and  also  there  occurs  dispersion  (peptization)  of  already  formed 
enlarged  particles  of  soot  with  formation  of  small  particles.  As  a  result  of 
adsorption,  particles  of  soot  are  covered  by  a  layer  of  molecules  of  nickel  dialkyl¬ 
dithio  phosphate,  turned  by  the  hydrocarbon  groups  into  hydrocarbon  medium. 

Accordingly  oleophiiousness  of  particles  sharply  increases,  and  the  suspension  as 
a  whole  becomes  stabilized. 

It  is  necessary  to  note  that  the  surface  of  particles  of  different  types  of 
soot  is  nonuniform  and  in  this  or  that  measure  is  oxidized.  Especially  this  pertains 
to  channel  black,  which,  judging  by  data  of  elementary  analysis,  contains  up  to  3% 
oxygen  [28].  The  character  of  the  surface  of  soot  particles,  apparently,  also 
ensures  adsorption  of  molecules  of  dialkyldithiophosphates  by  the  polar  part, 
whereas  nonpolar  part  of  molecules  (hydrocarbon  radicals)  is  changed  into  hydro¬ 


carbon  medium. 


Electfoti-Xlcroacopic  Study  of  Action  of  Nickel  Pialkvldlthlophosthates 

Oh  a  Suspension  of  Soot 


Photographs  Bade  of  preparations  of  soot  obtained  from  samples  of  soot 
suspension  is'  tulu<ane,  without  additive  and  with  additive  nickel  dialkyldithio- 
phosphate,  rsing  an  electron  microscope  (EM-100),  which  gave  an  increase  of  15*700 
times*. 

Sample  of  suspension  after  preliminarjr  treatment  by  a  special  method  was 
applied  and  was  secured  on  a  film  of  nitrocellulose,  and  then  the  surrey  was  made. 

The  addition  prevents  adhesion  of  particles  of  soot  in  bigger  aggregates  or 
will  disconnect  (disperses)  already  formed  big  aggregates  (Fig.  4).  Apparently, 
both  phenomena  are  observed. 

E|y  electron-microscope  photographs  one  can  determine  average  magnitude  of 
particle  of  soot  and  by  quantitative  results  of  adsorption  —  average  of  molecules 
adsorbed  on  one  (averaged)  particle  of  soot. 

In  Fig.  5  is  given  the  distribution  of  particles  by  their  dimensions  of  the 
thermal  (dispersed)  soot  we  used.  Dimension  of  diameters  of  particles  was  determined 
1  by  a  method  described  in  literature  (29]  after  an  additional  photographic  increase 

;  (3.5  tires)  of  photographs  of  soot  obtained  in  the  electron  microscope.  The  total 

I 

|  increase  was  55,000  times. 

1  With  respect  to  average  diameter  of  particles  of  soot  was  determined  magnitude 

i 

;  of  surface  of  particle.  Conditionally  it  was  assisted  that  all  particles  have 

] 

j;hsrical  form.  From  the  average  magnitude  of  the  surface  of  one  particle  of  soot 

♦ 

■  ar.  specific  surface  of  the  soot  —  total  surface  of  all  particles  in  1  g  soot 

* 

j  (for  therr.il  soot,  specific  surface  was  32.9  mVg,  for  channel  soot  it  vaa  assured 

l 

equal  to  100.6  sr/g  [29])  was  determined  the  number  of  particles  in  1  g  soot. 

♦Authors  express  gratitude  to  K  A.  Tesner  for  allocation  of  samples  of  soot 
and  possibility  of  obtaining  electron-microscope  photographs. 
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rig.  4.  Photographs  of  preparations 
of  soot  in  electron  microscope, 
a)  preparation  from  suspension  of 
channel  black  in  toluene;  b)  prepa¬ 
ration  from  the  same  suspension  con¬ 
taining  0.001$  di-n-nickel  octadecyl- 
dithio  phosphate ;  c)  preparation  from 
the  same  suspension  containing  0.01$ 
di-n-nickel  octadecyld it hio phosphate; 
d)  preparation  from  suspension  of 
thermal  soot  in  toluene;  e)  prepa¬ 
ration  from  the  same  suspension  con¬ 
taining  0.005$  di-n-octadecyldlthio- 
phosphate. 


For  thermal  and  channel  black  the  obtained  valuer  were:  average  diameter  of 
particle  720  and  306A;  average  magnitude  of  surface  of  particle  16-3*10^  and 
29. 4*kA a^;  number  of  particles  in  1  g  soot  2.0'  *10^  and  3380*10^. 


Fig.  5.  Distribution  of  particles 
of  thermal  soot  according  to  their 
dimensions . 

KEY:  (a)  Number  of  particles,  %  of 
total;  (b)  Diameter  of  particles,  A. 


Knowing  the  number  of  particles 
in  1  g  soot  and  the  limit  adsorbed 
quantity  of  dialkyldithio phosphate  on 
1  g  soot  (see  Table  l),  it  was  easy 
to  determine  the  number  of  molecules 
of  dialkyldithio phosphate  adsorbed  on 
one  particle  of  soot.  In  the  case  of 
channel  black  on  one  particle  of  soot 
was  adsorbed  10.2*10^  molecules  di-n- 
butyl-dithiophosrhate  of  nickel,  7.3*10^ 
molecules  di-n-decyldithiophosphate  of 
nickel  and  5.7*10^  molecules  di-r.- 


octadecyldithio phosphate  of  nickel.  For  thermal  soot  values  of  47.7-10?;  20.5*10?; 
17.5*10?  were  obtained. 


The  obtained  values,  of  course,  are  approximate ,  since  during  preparation  of 
soot  suspension  in  toluene  it  was  not  possible  to  obtain  a  suspension  containing 
fully  isolated  particles  of  soot,  which  affocts  the  magnitude  of  the  total  surface 
on  which  adsorption  can  occur. 


Stabilization  of  Soot  —  Toluene  Suspensior 
Nickel  Dioctadecyldithlophosphate 


Us  in; 


The  above  mentioned  experiments  fully  prove  that  rolecules  of  additive  of 
the  dialkyldithio phosphates  type  are  adsorbed  from  hydrocarbon  solutions  onto 
particles  of  soot,  which  causes  stabilization  of  such  a  suspension. 


Stabilisation  of  soot  —  toluene  suspension  was  studied  by  two  methods.  By 
the  first  method  was  determined  tire  of  total  deposit  of  soot  (channel)  from 
suspension  in  special  cylinders  or  during  centrifuging  in  a  centrifuge  supplied 
with  a  temperature  adjustment  device.  By  the  second  method  was  determined  relative 
change  of  concentration  of  soot  in  suspension  in  time  by  means  of  measurement  of 
optical  density  of  suspension.  Results  obtained  by  the  first  method  arc  presented 
in  Table  2.  For  centrifuging  10  cm^  suspension  wore  taken;  revolutions  of 
centrifuge  per  minute  were  1500;  temperature  of  centrifuging  was  20*. 

Ifcble  2.  Stabilisation  of  Soot — Toluene  Sus¬ 
pension  with  the  Help  of  Additive  Nickel 
Di-n-octadecyldithiophosphate 
Concentration  of  Soot 
0.013* 


?f| 

Concentration  of 
additive,  * 

Time  of  total  deposit 
of  soot,  minutes 

1 

Without  additive 

15 

2 

0.01 

50 

3 

0.1 

142 

4 

1.0 

170 

5 

1.5 

100 

6 

1.8 

100 

from  data  of  Table  2  it  is  clear  that  time  for  total  deposit  of  soot  during 
centrifuging  may  be  increased  by  addition  of  1*  of  additive  from  15  to  142  minutes, 
l.e.,  almost  10  times.  Stabilising  effect  of  additive  depends  on  its  concentration. 
It  is  Interesting  besides  to  note  that  increase  of  concentration  of  additive  above 
a  certain  optimum  value  (l<)  leads  to  lowering  of  stability  of  suspension.  As 
was  shows  [23],  total  action  of  additives  of  this  type,  determined  by  tests  on  PZV 
setup,  also  depends  on  concentration  of  additive,  and  the  optima  corresponds 
concentration  of  approximately  the  same  order. 

Summits  obtained  by  the  second,  more  objective  method  of  determination  of 
stability  of  eeepomolnn  are  of  great  interest. 
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According  to  lair  of  Bouguer-lanbert-Beer  the  absorption  of  lmlnous  flux 
passing  through  a  layer  of  solution  depends  on  thickness  of  this  layer  and 
concentration  of  solution.  In  the  ease  of  suspensions  the  following  relationship 


was  established  (30]: 


v» 


t 


where  D  —  optical  density,  equal  to  lg  2f  (I  —  intensity  of  incident  ltninous 

1 

flux;  I  —  intensity  of  1  urinous  flux,  passed  through  layer  of  suspension);  C  — 
particle  density  in  suspension;  1  —  thickness  of  layer;  r  —  average  radius  of 
particles;  p  —  density  of  dispersion  nedlvn. 

Thus  is  observed  a  direct  relationship  between  optical  density  and  concen¬ 
tration  of  particles  of  suspensions.  We  measured  the  relative  change  of  optical 
density  of  suspension  in  tine,  by  which  it  was  possible  to  Judge  relative  change 
of  concentration  of  suspension  and,  consequently,  tine  needed  for  its  deposit. 


fly.  6.  Dependence  of  optical 
density  of  suspension  (concen¬ 
tration  of  suspension)  of  soot 
in  toluene  on  tine  needed  for 
deposit. 

1)  soot  —  toluene  suspension; 

2)  suspension  containing  nickel 
di-o-butyldithiophosphate 
((CiWJJiPSSjjHi;  3)  suspension 
containing  nickel  di-n-decyldithio- 
phosphate  C(C10R2iO)2PSS}2Kij  4) 
suspension  containing  nickel  di-n- 
octsdecyldithiophosphate 
((Ci^hTO^resyi. 

KET:  fa)  Optical  density  of 
suspension  ®{  (b)  Tine,  hours. 


After  preparation  the  suspension 
(concentration  of  soot  0.0025%)  was 
hold  In  special  cylinders  in  state  of 
rest  for  a  definite  tine,  after  which 
using  a  photoelectrocolo  rime  ter  FEX-H 
the  optical  density  of  upper  layer  of 
suspension  (10  id)  was  determined. 

In  the  case  of  a  suspension  not 
containing  additive  (Fig.  6,  curve  1), 
its  optical  density  as  soon  as  the  first 
20  hours  drops  to  a  value  which  is  close 
to  the  optical  density  for  pure  toluene 
(order  of  0.05);  in  ether  words,  durim 
this  tins  particles  of  ooot  are 
practically  completely  precipitates  in 
the  taken  volone  of  suspension. 
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In  the  presence  of  dialkyldithiophosphates  the  suspension  is  stabilized,  the 
precipitation  of  particles  of. soot  is  delayed  and  correspondingly  the  change  of 
optical  density  in  tine  decreases.  The  obtained  data  also  indicate  that  stabilizing 
effect  of  dialkyldithiophosphates  increases  with  increase  of  length  of  hydrocarbon 
radicals  contained  in  their  nolecule. 

Disulfide  of  (C^yjO^PSS-SSP  ((^^3 7° >2*  having  a  structure  analogous  to 
that  of  dlaliqrldithloftao^iates*  but  not  contained  in  nolecule  of  metal  and 
accordingly  not  possessing  detergent  action  [23],  almost  does  not  stabilize 
suspension;  the  curve  of  nhsrcn  of  optical  density  in  this  care  is  close  to  the 
corresponding  curve  for  a  pure  suspension  (curves  1  and  2,  Fig.  7). 

Zinc  di-n-octadecyldithio phosphate  is  a  less  active  stabilizer  than  corre¬ 
sponding  dithio phosphate  of  nickel  (curves  3  and  4,  Fig.  ?)  which  also  is  in 
accordance  with  their  evaluation  as  detergent  additives. 

As  was  shown  above,  low-molecular  nickel  dialkyldithiophosphates ,  for 
instance  nickel  dl-n-butjldithic phosphates,  stabilize  soot  —  toluene  suspension 
in  a  smaller  degree  than  do  high-oolocular  dialkyldithiophosphates,  although  this 
dialky Id ithiophosphate  is  adsorbed  onto  particles  of  soot  in  this  case  in  a 
relatively  larger  quantity  than  nickel  di-n-dic^tadecyldithiophusphate.  The 
nudber  of  molecules  of  nickel  di-n-butyldithiophosphate  adsorbed  onto  one  particle 
of  channel  black,  was  appradaately  2  tines,  and  on  one  particle  of  thermal  soot 
3  tines  more  than  the  number  of  molecules  of  di-n-octadecyldithiophosphate. 

However,  hydrocarbon  radicals  of  di-n-octadecyldithiophosphate  are  almost  3  times 
longer  than  hydrocarbon  radicals  of  di-n-butylditbir phosphate ,  which  has  a  decisive 
value.  Apparently,  only  sufficiently  long  hydrocarbon  radicals  create  the 
necessary  oleodkLLousneae  of  a  particle  covered  by  an  adsorptive  layer. 

Oa  the  b»*>is  of  obtained  results  of  investigation  tbs  mechanise 
action  of  additives  nay  he  represented  in  the  following  form. 
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of  detergent 


While  a  bo  tor  operates  in  lubricating  oil,  as  a  result  of  oxidation  and 
compacting  of  oil  hydrocarbons,  and  also  incomplete  combustion  of  hydrocarbons 
•f  fuel  products  not  soluble  in  oil  products  are  formed,  separate  from  the  formed 
suspension  sad  are  stored  in  the  fora  of  carbon  deposits,  laquors,  and  scales  on 
separate,  usually  the  uost  heated  motor  parts. 


Additives  of  the  considered  type, 
to  which  should  belong  certain  salts 
of  organic  acids,  alkylphenolates, 
sulfonates,  and  dialkyldithlophosphates, 
are  surface  active  materials  which  are 
adsorbed  from  a  hydrocarbon  medium  (oil) 


Fig.  7.  Dependence  of  optical 
density  of  suspension  (concen¬ 
tration  of  suspension)  of  soot 
in  toluene  on  time  needed  for 
deposit. 

l)  soot  —  toluene  suspension; 
2j  suspension  containing  di¬ 
sulfide.  (ci8h32o)2pss  — 

/o?  3)  suspension 
tine  di-n-octadecyl- 


dithlophosphate,  [  (CiaH37°)2pss32Zn> 
4)  suspension  containing  nickel  di- 
rc-octadeevldithiophoaphate 

((ciaH37o)2Pss]2?fi. 

KETs  fa)  Optical  density  of 
suspension  D;  (b)  Time,  hours. 


onto  the  surface  of  insoluble  particles, 
preventing,  thereby,  their  adhesion 
(agglomerating)  into  bigger  particles 
and  precipitation  from  butyric  suspension. 
The  formed  big  agglomerates,  in  which 
small  particles  are  combined  by  relatively 
insecure  molecular  cohesive  forces,  can 
in  the  presence  of  additives  be  destroyed 
and  dispersed.  The  metallic  surface  of 


a  motor,  being  in  contact  with  oil,  is 


covered  by  an  adsorptive  layer  of  molecules  of  additives  which  also  prevents  the 


.  epos  it  onto  this  surface  of  insoluble  products.  It  is  possible  to  consider  at 
the  same  time  that  part  of  the  loose  deposit  already  formed  on  the  surface  will  be 
suspended  as  .»  result  of  adsorption  of  additive  and  opening  of  cohesion  surfaces 
of  particles  by  adsorptive  layers  (two-dimensional  pressure  adsorption  layers 
according  to  P.  A.  Rebinder). 
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Total?  action  of  additives  is  concluded,  consequently.  In  increase  of 
dispersiveness  of  butyric  suspension  which  fores  during  operation  of  motor,  and 
stabilization  of  this  suspension.  In  other  words,  the  process  of  adsorption 
dispersion  of  products  not  soluble  in  oil  is  observed.  Since  during  adhesion  of 
particles  (flocculation)  in  oil  relatively  loose  aggregates  are  forr.ed,  their 
dispersion  can  be  considered  peptization  [31]. 

In  eases  when  butyric  suspension  gets  in  the  aost  heated  parts  of  the  no  tor, 
and  the  additive  is  Insufficiently  surface  active,  desorption  of  the  additive 
occurs;  the  dispersed  phase  turns  out  to  be  insufficiently  protected,  insoluble 
particles  are  connected  in  relatively  big  aggregates  (flocculation),  and  are 
precipitated  onto  the  metallic  surface  [17,  18]. 

Consequently,  the  "detergent”  action  of  additives  can  be  considered  as 
dispersive  (or  peptizing)  actior*.  md  correspondingly  detergent  additives  should 
be  called  dispersers  (or  peptizers). 
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MECHANISM  OF  ACTION  OF  DETERGENT  *ND  ANTIOXIDANT  ADDITIVES 

IT  LAQUOR  DEPOSITION 
(Vtorlcing  Hypothesis) 

I.  C.  Papok 

During  contact  of  hydrocarbons  with  r.etal  heated  to  a  high  temperature, 
carbon  substances  are  formed  precipitating  onto  surface  of  r*tai  in  the  form  of 
a  thin  strong  layer,  which  is  called  laquor  deposit,  or  laquor. 

Laquor  deposits  are  products  of  the  oxidation  of  hydrocarbons.  The  speed  of 
their  formation  depends  on  a  whole  series  of  factors,  including  temperature  of 
heating,  catalytical  action  of  metal,  character  of  contact  of  hydrocarbons  with 
surface  (in  liquid  form  or  in  vapor  form),  and  also  on  ehemic«u  composition  of 
the  hydrocarbons. 

The  chemical  composition  of  laquor  deposits  is  inconstant  artf  depends  upon 
the  above  factors,  and  also  length  of  process.  In  the  composition  of  laquor  can 
ce  the  most  diverse  relationships  among  the  following  products:  initial  product, 
r  sin,  oxy-acid,  asphaltenes,  carbenes,  and  carboids. 

In  an  Internal-combustion  engine  laquor  deposits  are  formed  mainly  on  the 
lateral  and  internal  walls  of  pistons  and  on  the  heads  of  connecting  rods.  The 
appearance  of  the  laquor  deposits  very  harmfully  affects  reliability  of  work  of 
engine,  economy,  and  service  life.  laquor  deposits  in  most  cases  are  the  cause  of 
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scorching  of  piston  rings*  laquor  in  the  engine  can  be  formed  due  to  three  causes: 
l)  oxidation  of  film  of  oil  on  surface  of  heated  part;  2)  deposit  frees  oil  onto 
surface  of  part  of  products  of  oxidation  and  incomplete  combustion  formed  in  other 
places  of  the  engine,  and  3)  condensation  of  products  of  oxidation  of  fuels  and 
oils  from  gases  penetrating  from  combustion  chamber  into  crankcase. 

In  this  work  only  the  first  case  is  condisered. 

Features  of  Oxidation  of  Oil  in  Flow  and  at  Rest 

In  an  internal-combustion  engine  oxidation  of  cil  in  film  on  heated  parts 
take  place  in  two  principally  different  conditions  «  in  dynamic  and  static  con¬ 
ditions,  l.e.,  in  flow  and  at  rest. 

In  flow,  oil  is  oxidized  during  operation  of  engine,  when  as  is  known,  a 
continuous  circulation  of  lubricating  oil  is  carried  out  and  parts  of  the  engine 
are  always  being  washed  by  new  portions  of  oil.  Oxidation  of  oil  at  rest  occurs 
only  when  the  engine  is  stopped,  when  circulation  of  oil  ceases,  and  the  parts 
for  a  definite  time  after  stop  of  or  tor  still  preserve  a  sufficiently  high 
temperature.  And  although  at  rest  the  oil  on  heated  parts  is  by  time  significantly 
less  than  in  flow,  oxidation  of  oil  in  static  conditions  essentially  affects 
laquor  deposition  in  motors. 

It  is  well-known  that  on  parts  lubricated  by  oil  a  boundary  layer  from 
oriented  molecules  of  oil  will  be  formed.  Also  it  is  well-known  that  the  more 
polar-active  molecules- *are  more  easily  adsorbed  onto  surface  of  metal,  displacing 
the  less  active  molecules.  When  along  a  heated  metallic  surface  moves  a  layer  of 
oil,  then  adsorbed  layers  of  oil  are  not  touched.  Molecules  of  oils  appearing  in 
boundary  layer  are  held  strongly  on  surface  of  metal,  as  if  in  a  welded  state. 

And  only  when  in  moving  layers  of  oil  there  turn  out  to  be  more  polar-active 
molecules  than  molecules  which  are  in  the  boundary  layer,  there  occurs  displacing 
of  molecule  from  boundary  layer  into  flow. 


Thus  eu  in  known  measure  can  the  boundary  layer  be  renewed  until  tester  the 
action  of  temperature ,  atmospheric  oxygen  and  catalysis  of  metal,  molecules  in 
the  boundary  layer  will  not  undergo  essential  changes. 

Products  of  oxidation  of  hydrocarbons:  resins ,  oxy-acids,  and  asphaltenes 
are  none  polar-active  than  hydrocarbons,  and  therefore,  it  is  natural  that  with 
oxidation*  of  boundary  layer  of  oil  the  products  of  oxidation  which  are  forced  will 
be  more  strongly  held  on  the  surface  thin  the  adsorbed  layer  from  unchanging 
molecules  of  oil.  In  time  the  boundary  layer  of  oil  turns  into  laquor. 

Thus,  during  oxidation  of  oil  is  flow  only  the  boundary  layer  of  oil  is 
subjected  to  deep  oxidation.  In  conditions  of  rest  occurs  in  principle  an 
excellent  picture  of  oxidation  of  oil  in  a  film. 

first,  laquor  deposition  precedes  evaporation  of  a  significant  quantity  of 
oil;  for  instance,  depending  upon  fractional  composition  of  the  oil,  in  30  minutes 
can  be  evaporated  up  to  80-9CK  oil  from  that  remaining  in  the  form  of  film  on 
surface  of  part.  Consequently,  into  formation  of  laquor  go  the  heaviest  fractions 
of  oil  and  all  alien  insoluble  substances  located  in  the  oil. 

Secondly,  if  in  conditions  of  flow  restoration  of  molecules  of  oil  in 
boundary  layer  is  possible,  then  in  conditions  of  rest  similar  replacement  is 
practically  excluded. 

During  oxidation  of  film  of  oil  in  conditions  of  rest  a  decisive  role  belongs 
to  fractional  composition  and,  as  will  be  shown  somewhat  later,  antioxidant 
properties. 

In  conditions  of  rest  laquor  deposition  depends  greatly  on  thickness  of 
butyric  layer.  The  thinner  the  butyric  layer,  the  faster  and  at  lower  temperature 
can  it  be  turned  into  laquor.  On  oils  of  light  fractional  composition  owing  to 
their  great  volatility  while  the  engine  is  stopped  on  the  parte  are  formed  erne 
films  of  oil  than  on  oils  of  heavy  fractional  composition. 
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On  the  basis  of  what  has  been  presented  can  be  made  the  cone iw ion  that  oils 
of  light  fractional  composition  in  conditions  of  frequent  stops  of  motor  have  to 
be  more  unsafe  with  respect  to  fast  laquor  deposition  than  oil  of  heavy  fractional 
composition*  This  position  subsequently  was  confirmed  by  experiment. 

Mechanism  of  Action  of  Additives  During  laquor  Deposition 

The  most  effective  seams  of  combatting  laquor  deposition  in  motors  is 
application  of  detergent  and  antioxidant  additives  in  oils. 

Under  the  general  name  of  antioxidant  additives  are  known  additive  of  two 
types: 

a)  additives  delaying  start  of  oxidation  of  oil  which  is  in  a  thick  layer 
(In  the  system),  or  otherwise  increasing  ''induction  period  of  oxidation.  Such 
additives  usually  act  at  moderate  temperatures  (not  higher  than  150-200°).  They 
are  used  in  turbine,  transformer,  instnsnent,  and  other  similar  oils; 

b)  additives  preventing  oxidation  and  decomposition  of  oils  which  are  in  a 
film  (thickness  approximately  up  to  200  )  on  metallic  surface  at  high  temperature 
(approximately  from  150  to  300°).  Similar  additives  are  used  mainly  in  motor  oils. 
Ve  agree  to  call  them  thermal  additives.  Subsequently,  talking  about  antioxidant 
additives,  we  consider  only  thermal  additives. 

Rot  claiming  complete  knowledge  of  so  complicated  a  phenomenon,  as  laquor 
deposition  in  a  motor,  for  explanation  of  distinction  in  action  of  detergent  and 
antioxidant  additives  in  laquor  deposition  on  a  metallic  surface  (questions  of 
behavior  additives  in  wolune  in  this  work  are  not  considered)  a  working  hypothesis 
is  offered,  founded  on  the  following  positions. 

1.  During  operation  of  motor  on  oil  containing  a  sufficient  quantity  of 
additive,  on  the  dhole  surface  of  parts  of  motor  lubricated  by  the  oil  will  be 
formed  a  solid  boundary . layer  from  adsorbed  molecules  of  additive,  which  completely 
Insulates  sdacule  of  hydrocarbons  from  contact  with  metal. 


2.  Effectiveness  of  action  of  additive  depends  on  two  factors:  period  of 
life  of  nolecules  of  additive  on  heated  surface,  i.e.,  on  their  thermo-oxidizing 
stability  and  character  of  products  for  sen  during  oxidation  of  nolecules  of 
additive. 

Me  consider  that  the  observed  detergent  effect  occurring  here,  and  the  fact 
that  after  operation  of  motor  on  oil  containing  detergent  additive,  parts  of  the 
motor  with  a  high  temperature  turn  out  to  be  clean  and  without  any  laquor  deposit, 
are  explained  by  the  following. 

Molecules  of  detergent  additive,  being  adsorbed  on  parts  of  motor,  form  a 
strong  protective  layer  which  excludes  any  contact  of  hydrocarbons  with  metal. 

The  boundary  layer  from  adsorbed  molecules  of  detergent  additive  through  a 
definite  time  under  the  action  of  high  temperature,  which  catalyzes  the  influence 
of  metal  and  atmospheric  ojgrgen,  undergoes  changes  leading  to  formation  of  dispersed 
phase  which  cannot  be  held  to  the  metallic  surface.  In  conditions  of  flow  of  oil 
(detergent  effect  appears  only  in  dynamic  conditions)  the  formed  products  of 
decomposition  of  molecules  of  additive  are  carried  off,  and  the  breach  formed  in 
the  boundary  layer  is  inned lately  replaced  at  the  expense  of  new  molecules  of 
additive  so  that  molecule  of  hydrocarbons  as  before  turn  out  to  be  isolated  from 
the  metal  by  a  living  fence  of  molec'°es  of  the  detergent  additive  (Fig.  1,  III). 

In  this  case,  for  protection  of  parts  from  formation  of  laquor  deposits,  the 
period  of  life  of  molecules  of  detergent  additive  on  heated  metallic  surface  does 
not  have  a  decisive  value  and  only  will  affect  expenditure  of  additive.  The  faster 
n  the  given  conditions  a  molecule  of  additive  is  destroyed,  the  higher  should  be 
its  concentration  in  oil  in  order  to  obtain  a  detergent  effect  for  an  identical 
Imtoral  of  time. 

This,  apparently,  explains  why  even  detergent  additives  with  a  very  low 
thermo -oxidising  stability,  such  as  calcium  sulfonates,  turn  out  to  be  effective, 
but  o«dy  during  a  high  concentration  in  oil. 
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Speed  of  destruction  of 

Abe 

molecules  of  additives  is  also 
connected  with  speed  of  contami¬ 
nation  of  oil.  A  detergent 
additive  with  Law  antioxidant 
properties  will  contaminate  oil 
faster  than  one  with  high  proper¬ 
ties  (Fig.  2). 

Molecules  of  antioxidant 
(thermal)  additive,  just  as 
molecules  of  detergent  additive, 
form  on  the  parts  a  strong  boundary 
protective  layer,  insulating  the 
i-o  /-  O'  /-Q  hydrocarbons  from  contact  with 

Fig.  1.  Mechanism  of  action  of  anti-  metal.  But,  in  distinction  from 
oxidant  and  detergent  additives  during 

laquor  deposition.  molecules  of  detergent  additive, 

1)  molecule  of  oil;  2)  molecule  of 

antioxidant  additive;  3)  molecule  of  under  the  action  of  high  temperature 

detergent  additive.  Pigures  I,  II, 

III  conditionally  designate  periods  which  catalyses  the  influence  of 

of  time. 

metal  and  atmospheric  oxygen,  they 

form  oxidation  products  possessing  the  ability  to  be  firmly  held  on  the  metallic 
surface  in  the  fora  of  a  characteristic  laquor  layer.  Consequently,  molecules  of 
the  antioxidant  additive  after  their  own  destruction  like  "dead"  bodies  block  the 
hydrocarhorji '  access  to  metallic  surface  (see  Fig.  1,  II).  But  the  very  fact  of 
formation  of  a  laquor  layer  is  undesirable,  since  laquor  deposits  cause  motor 
malfunction. 

Therefore,  for  appraisal  of  quality  of  antioxidant  additive,  the  period  of 
life  of  its  molecules  on  a  heated  metallic  surface  up  to  t  rats  format  Ion  into 
laquor  has  s  decisive  value.  The  effectiveness  of  am  antioxidant  additive  is 
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proportional  to  the  period  of  life  of  its  molecules.  The  longer  the  boundary 


layer  of  molecules  of  antioxidant  additive 
writ  la  the  no  tor. 


a  b 


— —i  « — jLi-j 

'* o  2  O  J-O 


Hg.  2.  Action  of 
detergent,  additives 
possessing  different 
antioxidant  properties. 

1)  molecule  of  oil;  2) 

■ole cole  of  detergent 
additive  with  low  anti¬ 
oxidant  properties;  3) 
molecule  of  detergent 
additive  with  high  anti¬ 
oxidant  properties, 
figures  I,  II,  III  and 
IV  conditionally  designate 
periods  of  tine. 


is  kept,  the  nore  reliable  will  oil 

Molecules  of  antioxidant  additives 
adsorbed  onto  a  metallic  surface,  have 
a  larger  period  of  life  than  those  in 
the  oil,  and  a  larger  period  of  life 
than  a  molecule  of  hydrocarbons  to 
which  the  additive  is  added,  otherwise 
it  would  not  be  necessary  to  talk  about 
antioxidant  properties  of  the  additive. 

Referring  to  the  above  material, 
it  is  possible  to  answer  certain 
questions  concerning  additives. 

Antioxidant  additives  are  added 
to  oil  in  small  quantities,  but 
detergent  additives  are  added  in  large 
quantities  because  during  operations 
of  motor  antioxidant  additives  are  not 
expended  on  reduction  of  boundary  layer 
on  the  parts,  inasmuch  as  oxidized, 
decomposed  molecules  of  additives 
remain  on  the  parts  in  the  fore  of 


laquor  layer.  Detergent  additives 
during  operation  of  motor  are  continuously  expe'ded  on  restoration  of  protective 
boundary  layer,  inasmuch  as  oxidised,  decomposed  molecules  of  additive  are  carried 
away  from  motor  parts  by  flow  of  oil. 


r 
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The  high  detergent  properties  of  oil  ensure  cleanness  of  parts  only  during 
operation  of  motor,  and  when  the  motor  is  stopped  the  detergent  action  ceases, 
and  oil  with  lew  antioxidant  properties  in  conditions  of  rest  in  the  most  heated 
part  of  the  piston  (rings)  will  form  rapidly  a  film  of  laquor  layer.  Furthermore, 
a  detergent  additive  with  low  antioxidant  properties  will  have  a  very  short  period 
of  life  on  heated  parts  and,  consequently,  will  rapidly  abrade.  As  a  result  oil 
will  be  severely  contaminated  by  products  of  decomposition  and  oxidation  of 
aaditive,  which,  with  insufficient  filtration,  can  promote  rapid  oxidation  of  oil, 
especially  when  the  motor  is  stopped. 

A  highly  effective  additive  with  respect  to  preventing  laquor  deposition 
and  scorching  of  piston  rings  should  possess  the  following  properties: 

a)  high  polar  activity,  significantly  exceeding  activity  of  molecules  of  oil 
to  which  it  is  added; 

b)  hip.  thermo-oxidizing  stability,  i.e.,  the  biggest  period  of  life  under 
given  temperature  conditions; 

c)  during  oxidation  ana  ucoempositior.  products  form  which  do  not  hold  to  part 
surfaces . 

I*,  oil  it  is  more  preferable  to  add  one  additive,  a  molecule  of  which  combines 
high  antioxidant  and  detergent  properties,  th-.i  v.;o  different  additives  —  anti¬ 
oxidant  and  detergent,  —  since  in  the  case  of  combination  of  additives  the 
detergent  component  will  have  a  smaller  period  of  life  than  a  complex  additive, 
and, therefore,  it  wixl  abrade  faster.  Furthermore,  part  of  the  detergent  component 
will  be  expended  on  oxidation  products  of  antioxidant,  forming  in  the  system  under 
the  action  of  high  temperature. 


I  PHOSPHOROUS-ORGANIC  COMPOUNDS  REDUCING  WEAR  DURING 

!  FRICTION.  MECHANISM  OF  THEIR  ACTION 

! 

! 

|  P.  I.  Sanln  and  A.  7.  Ul’yanova 

|  Institute  of  Oil -Chemical  Synthesis  of  Academy  of  Sciences  of  USSR 

l 

t 

\  Ve  consider  certain  results  of  the  investigation  of  the  mechanism  of  action 

of  additives  lowering  friction  (coefficient  of  friction)  and  decreasing  wear  of 

♦ 

metallic  friction  surfaces  in  conditions  of  high  loads. 

Additives  of  this  type,  which  are  sometimes  called  additives  for  super-high 
pressures,  in  most  cases  are  organic  compounds  of  chlorine,  sulfur,  and  phosphorus. 
It  was  shown  [1,  2]  that  especially  active  additives  are  phosphorous  organic 
compounds  containing  chlorine  or  sul  fur. 

t 

j  It  is  necessary  to  consider  as  f  1  :ed  two  facts  about  the  mechanism  of  action 

1  of  additives  of  the  phosphorous  organic  compound  type.  First,  additives  of  this 
type  in  conditions  of  friction  at  increased  temperatures  chemically  react  with 
retals  of  friction  surfaces  and,  secondly,  as  a  result  of  this  reaction  are  formed 
3m pounds  of  phosphorus  with  metals,  apparently,  of  the  phosphide  type  £3—53 - 
For  a  dearer  understanding  of  the  mechanism  of  action  of  additives  reducing 
wear,  It  is  essential  also  to  know  how  complicated  organic  compounds,  fbr  instance, 

I 

trialkylphosphites,  can  in  conditions  of  friction  at  increased  temperatures  form 
relatively  simple  compounds  with  metals  —  eetal  phosphides.  This  question  could 
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be  resolved  only  be  detailed  investigation  of  those  transfonnations  which 
synthetic  additives  undergo  in  conditions  of  increased  temperatures. 

Thermal  Decomposition  of  Trlalkv?  phosrhltes 

We  attempted  to  study  thermal  decomposition  of  trialkyl phosphites,  which, 
as  the  preceding  investigation  showed,  are  typical  additives  which  reduce  wear 
durii^  friction.  In  literature  this  question  is  absolutely  not  dealt  with.  There 
is  only  one  work  by  Zinseman  [6],  dating  to  1875,  in  which  the  author  conducted 
decomposition  of  ethyl  ester  of  phosphorous  acid  to  determine  the  structure  of 
this  ester.  After  heating  of  phosphite  in  a  sealed  tube,  in  the  products  of 
decomposition  by  qualitative  reaction  using  silver  nitrate  hydrogen  phosphide 
was  revealed.  On  the  basis  of  this  qualitative  experiment  Zimerman  made  the 
assumption  that  the  decomposition  of  triethyl  phosphite  occurs  with  simultaneous 
formation  of  phosphorous  acid  and  hydrogen  phosphide. 

We  studied  thermal  decomposition  of  trioctadeeyl phosphite 
tributyl  phosphite  (C^H^O)^P,  and  tributyl  trlthiophosphite  (C^H^Sj^P. 

Phosphites  were  obtained  by  the  usual  methods.  Tributyl  phosphite  and  tri- 
octadecyl phosphite  were  obtained  by  reaction  of  corresponding  alcohols  with 
phosphorus  trichloride  in  the  presence  of  pyridine;  tributyltrlthiophosphlte  by 
reaction  of  tmtyl  mercaptane  with  phosphorus  trichloride  in  the  presence  of 
pyridine. 

In  Table  1  are  given  characteristics  of  the  obtained  phosphites. 


Table  1.  Characteristics  of  Fbosphites 


formula 

Melting 

point, 

•C 

Bolling  point, 
•C  (pressure, 

■*  Hg) 

"f 

w 

55.0—56.0 

*>-91(1) 

0.9225 

1.4320 

<W>3P 

150—152(1) 

1.0121 

1.5439 

The  first  experiments  showed  that  during  decomposition  of  trialkylphosphites 
phosphorous  sold  and  hydrogen  phosphide  —  phosphine  — ,  and  also  unsaturated 
hydrocarbon  corresponding  *to  the  alkyl  groups  of  phosphite  are  indeed  formed. 

Thus,  was  confirmed  the  asstmption  of  Z  lame  naan  about  the  decomposition  of 
triethylphosphlte.  Thermal  disintegration  of  trioctyl  phosphite  and  tributyl  phosphite 
may  be  represented  In  the  fora  of  the  following  equations: 

*(ci Wh  SHjTOt  ♦  ro3  + 

3H3POt  »  PHj  ♦  12CtHg 

Coring  decomposition  a  unique  reaction  takes  place  —  simultaneous  oxidation 
and  reduction  of  t rival ent  phosphite  phosphorus  with  formation  of  phosphorous 
acid  and  phosphine.  The  possibility  is  not  excluded  that  in  the  beginning  occurs 
detachment  of  unsaturcted  hydrocarbon  (octadecyl  and  butylene)  and  then  the 
known  reaction  of  decomposition  of  phosphorous  acid  with  formation  of  phosphorous 
acid  and  phosphine: 

4H3PO3  -^3H3P04  ♦  PH3. 

Somewhat  more  complicated  is  the  reaction  of  decomposition  of  tributyl trithio- 
phoaphite,  which  suppositionaliy  can  take  place  according  to: 

4(C41 195)3^  -3HjPS4  ^  FH3  ♦  12C4H8 
W3PS4-«.3H2S  ♦  PjSj 

la  this  easev  In  the  products  of  reaction,  besides  phosphine  and  butylene, 
hydrogen  sulfide  was  revealed. 

Quantitative  experiments  of  thermal  decomposition  of  phosphites  were  conducted 
in  the  Instrument  schematically  depleted  in  Pig.  1. 

The  reactor  of  the  instnmemt  was  a  retort  of  around  30cm\  capacity  prepared 
from  quarts  glass,  supplied  with  a  pocket  for  a  thermometer  and  a  tube  for  the 
nitrogen  feed.  Prior  to  entering  the  reactor  the  nitrogen  was  freed  from  traces 
of  oxygen  (alkaline  solution  of  pyrogallol)  and  was  dried  (suliuric  acid).  The 
upper  drwwtube  of  the  retort  was  connected  with  a  reflux  condenser,  which  in  turn 
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vaa  connected  with  a  spiral  condenser  serving  to  catch  the  liquid  products  of 
decomposition,  and  two  absorbers  with  a  solution  of  potassim  pennangante  for 
determination  of  phosphine.  The  last  absorber  was  joined  with  a  drexyl  phial, 
containing  a  solution  of  silver  nitrate  which  was  necessary  to  control  fullness 
of  absorption  of  phosphine  in  absorbers.  All  parts  of  the  instrument  ware  connected 
using  thin  sections. 

The  reactor  was  heated  using  Wood's  alloy.  The  condenser  of  the  reactor  was 
cooled  by  ice  water. 


x 


i>  f 
i  )i 


Fig.  1,  Diagram  of  instrument  for  thermal 
decomposition. 

l)  safety  phial;  2)  reactor;  3)  capacitor;  4 
and  5)  absorbers  with  solution  of  potassium 
permanganate;  6)  safety  Drexyl  phial;  7)  Drexyl 
phial  with  solution  of  silver  nitrate. 


The  reaction  of  phosphite 
decomposition  was  conducted  in 
the  following  manner. 

Into  the  reactor  was 
loaded  a  definite  quantity  of 
phosphite,  in  the  majority  of 
experiments  0,02  mole,  or  17  g 
in  the  case  of  trloctadecyl- 
phosphite  and  5  g  in  the  case 
of  tributylphosphite.  Then  in 
a  current  of  dry  nitrogen  the 
phosphite  wat  heated.  De¬ 
composition  started  at  a 


temperature  of  250-260°.  In  the  case  of  tributylphosphite  was  observed  a  prolonged 
induction  period  —  only  after  heating  of  phosphite  at  the  experiment  temperature 
for  2  hours  did  its  decomposition  start.  The  end  of  the  decomposition  was 
established  by  the  absence  of  phosphine  in  the  sample  of  gas  (nitrogen)  removed 
from  the  spiral  condenser;  for  a  qualitative  reaction  to  phosphine  a  1%  aqueous 
solution  of  silver  nitrate  [7]  was  used. 


31« 


Deccmpositlon  of  Trioctadecvlrhoarhitc 


During  decomposition  of  trioctadecylphosphite  will  be  formed  phosphorous 
acid,  phosphine,  and  octadecylene.  Phosphorous  acid  and  octadecyl  remained  in 
the  reactor,  but  the  gasiform  phosphine  was  caught  by  the  absorbers.  In  separate 
experiments  there  were  also  snail  quantities  of  undecomposed  phosphite. 

The  quantitative  determination  of  phosphine  was  conducted  by  means  of  its 
oxidation  in  phosphorous  acid  by  potassium  permanganate  in  an  acid  medium  [8]. 
Oxidation  of  phosphine  by  nitric  acid  (specific  gravity  1.4)  (9)  in  our  case  gave 
the  worst  (understated)  results. 

Por  oxidation  of  phosphine  exactly  215.5  csP  0.5N  solution  of  potassium 
permanganate  and  64.5  cm-*  UO%  sulfuric  acid  were  taken.  Each  of  the  two  absorbers 
was  filled  with  140  cm^  of  the  obtained  solution.  Upon  completion  of  the  experi¬ 
ment  of  deconposition  the  contents  of  the  absorbers  was  quantitatively  transferred 
to  a  one-liter  glass  (residues  of  solution  in  the  absorber  were  washed,  off  by  a 
definite  quantity  of  a  0.5N  solution  of  oxalic  acid)  and  unreacting  potassium 
permanganate  was  back-titrated  by  0.5N  solution  of  oxalic  acid. 

The  remainder  in  the  reactor,  containing  phosphorous  acid  and  octadecyl,  was 
proc  ssed  by  water  and  diethyl  ester. 

Phosphorous  acid  in  aqueous  solution  was  quantitatively  determined  by  precip¬ 
itation  by  molybdenum-acid  ammonium  with  subsequent  obtaining  of  ammonium-magnesium 
salt  of  phosphorous  acid,  and  also  during  the  direct  obtaining  of  ammonium-magnesium 
salt. 

Octadecylene  was  separated  from  the  ether  solution.  Ether  solution  was  dried 
by  anhydrous  sodium  sulfate  and  then,  after  filtration  and  distillation  of  solvent 
the  remainder  was  distilled  in  a  vacuum. 

The  separated  substance  had  following  characteristic: 
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boiling  point  139*  at  2  an  Hg; 
d*°  -  0.7903,  n^°  -  1.4471; 

m 

ISjj  found  64.51. 

V3*  calculated  64.66. 

Anal rale 

found  (iajC):  C  65.63,  65.69;  H  14.43,  14.33. 
clrf*36#  (in  *):  c  85.63;  H  14.37. 

Characteristics  of  the  obtained  substance  correspond  to  e-octadecyl,  for 
which  in  literature  is  shown  a  boiling  point  of  179-100*  at  18  an  Hg,  d^°  =  7910, 
n^°  *  1.4443  CIO]. 

According  to  equation  of  decomposition  reaction  of  trioctadecyl phosphite, 
■entioned  above,  from  17  g  trioctadecylphosphite  should  be  formed  0.1721  g 
phosphine,  1.4605  g  phosphorous  acid  and  15.3390  g  octadecylene.  In  our  experi- 
uents  we  managed  to  determine  90-100^  phosphine,  around  phosphorous  acid,  and 
around  TOf  octadecylene,  in  conversion  to  the  quantity  of  these  substances  required 
according  to  the  equation. 

These  data  fully  confirm  correctness  of  reaction  equation  offered  for  de¬ 
composition  of  trioctadecyl  phosphite. 

Decomposition  of  Tributyl rhosphite 

In  experiments  of  decomposition  of  tributylphosphite  the  formed  phosphorous 
add  was  determined  Just  as  during  decomposition  of  trioctadecylphosphite .  The 
butylene  was  able  to  be  separated,  using  in  the  above  described  instrument  two 
condensers,  cooled  to  -30*.  In  these  conditions  butylene,  having  a  boiling  point 
of  -5*,  was  liquified  in  the  condenser,  but  phosphine  (boiling  point  -85*) 
together  with  nitrogen  passed  into  the  absorbers  with  a  solution  of  potassium 
permanganate  where  it  urns  determined. 
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Fbr  identification  of  butylene  dibronbutane  was  obtained  from  it  by  action 

i 

I  of  bromine.  Butylene  slowly  was  evaporated  from  the  condensers  into  two  entrainment 

|  *  . 

I  separators  with  glass  cap,  each  containing  10  or  bromine,  at  a  temperature  of 
|  -5  to  -10*.  Residues  of  butylene  were  displaced  by  nitrogen.  Upon  completion  of 
I  reaction  the  surplus  of  bromine  was  removed  by  treatment  by  a  3*  aqueous  solution 
j  of  caustic  soda.  The  ether  solution  of  bromide  was  washed  by  water  to  a  neutral 
reaction  and  was  dried  by  calcium  chloride.  After  distillation  of  solvent  the 

\ 

remainder  was  distilled  in  vactnsn. 

The  obtained  bromide  had  the  following  characteristics: 

|  boiling  point  158.0-159.0*;  *  1.7886. 

Analysis 

35.98  milligram  subs.:  6.68  ml.  0.025N  Hg  (N0j)2 
31-79  milligram  subs.:  13.50  ml.  0.025N  Hg  (NCVj^ 

Bound  (in  *):  Br  74.19,  74.04. 

C^HgBr2.  Calculated  (in  *):  Br  74.01. 

Characteristics  of  bromide  correspond  to  2.3-dibrombutane,  which,  judging 
by  source  material  [11],  has  a  boiling  point  of  157.3**  d^°  *  1.7916.  During 
decomposition  of  phosphite  will  be  formed  butylene  with  a  double  bond  in  position 

2-3  02]. 

i 

Qualitative  determination  of  butylene  in  experiments  was  conducted  by  means 
of  measurement  of  its  volune  liquified  in  entrainment  separator  of  condenser  which 
gave  approximate  values,  and  by  analysis  of  unliquified  gas  containing  nitrogen 
In  addition  to  butylene. 

According  to  the  reaction  equation  of  the  decomposition  of  tributylphosphite , 
from  5  g  phosphite  should  be  formed  0.17  g  phosphine,  3-36  g  butylene,  and  1.47  g 
1  phosphorous  acid.  In  experiments  of  tail  decomposition  of  phosphite,  just  as  in 
|  experiments  of  decomposition  of  trioctadecyl phosphite,  90*  phosphine  and  85* 

|  phosphorous  acid  was  determined  from  the  shown  quantities;  the  quantity  of 
]  determined  butylene  was  around  60*. 

i 
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In  experiments  of  the  decomposition 
of  tributylphosphite t  in  the  intermediate 
condenser  was  stored  a  small  quantity 
(of  the  order  of  0«>-0, 5  cm3)  easily 

*,  $L234itJSf 

(b)  6 fit**. -jc  volatile  liquid,  which  was  not  investi- 

Vig,  2.  Thermal  decomposition 
of  tributylphosphite.  Temperature  gated  by  us. 
of  experiment  was  270*. 

KJST:  (a)* Volume  of  butylene,  ml;  In  one  of  the  experiments  was 

(b)  Time,  hours. 

studied  kinetics  of  decomposition  of 

t ributyl pho s phi te .  Occurrence  of  the  reaction  of  decomposition  was  determined  by 
the  quantity  of  butylene  formed.  The  gas  consisting  of  nitrogen  and  butylene*, 
was  taken  directly  during  the  experiment  for  analysis  (butylene  was  determined  by 
absorption  by  an  83$  solution  of  sulfuric  acid  in  VTI**  apparatus  and  gathered  in 
Kariotte  phials.  Decomposition  was  conducted  at  270°.  After  10  hours  the 
quantity  of  butylene  formed  constituted  85$  of  the  quantity  of  butylene  required 
according  to  the  reaction  equation. 

In  Pig.  2  is  given  the  curve  of  dependence  of  decomposition  of  tributyl- 
phosphite  (with  respect  to  butylene)  on  time.  Intense  decomposition  of  tirbutyl- 
phosphite  sets  in  after  achievement  of  temperature  of  decomposition  (270*)  and  is 
practically  finished  in  the  first  2  hours  of  the  experiment. 

The  basic  reaction  of  the  decomposition  of  tributylphosphite  is  analogous  to 
tho  reaction  of  the  decomposition  trioetadecylphosphite  and,  apparently,  is  common 
to  the  thermal  decomposition  of  trialkyl  phosphites. 

•Phosphine  in  this  experiment  was  reduced  powdery  iron,  taken  with  large 
surplus  (see  experiments  on  decomposition  of  phosphites  in  the  presence  of  metals). 

**Ed.  Note:  VTI  *  F.  Dzerzhinsky  All-Union  Heat  Engineering  Institute. 


Decomposition  of  Tributvltrithiorhoschitc 


The  thermal  decomposition  tributyltrithiophosphite  goes  in  the  same  manner 
as  the  decomposition  of  trialkyl  phosphites,  with  the  formation  of  butylene  and 
phosphine.  However,  the  reaction  here  is  complicated  by  the  presence  of  sulfur 
phosphite  in  the  molecule;  qualitatively  in  the  products  of  decomposition  were 
revealed  phosphine,  hydrogen  sulfide,  and  butylene. 

Thus,  the  study  of  thermal  decomposition  of  phosphites  leads  to  the  con¬ 
clusion  that  at  temperatures  of  the  order  of  250-200°  phosphites  undergo  trans¬ 
formation,  as  a  result  of  which  are  formed  relatively  simple  and  at  the  same  time 
very  reactive  phosphine  compounds,  and  in  the  case  of  tributyl trithiophosphite , 
hydrogen  sulfide. 

It  was  possible  to  assume  that  owing  to  the  phosphine  and  hydrogen  sulfide 
forming  at  increased  temperatures,  phosphide,  sulfide,  or  phosphide-sulfide  films 
are  formed  on  metallic  surface  of  friction.  Formation  of  iron  sulfide  during 
action  of  hydrogen  sulfide  obtained  during  decomposition  of  trialkyltrithiophosphites 
does  not  require  proof.  Formation  of  phosphides  of  metals  was  established  directly 
by  experiments  of  thermal  decomposition  of  tributylphosphite  in  the  presence  of 
metals. 


Decomposition  jf  Trioctadecylrhosphite  in  the 
Presence  of  Metals  and  their  Oxides 

Decomposition  of  trioctadecylphosphite  in  this  case  was  conducted  in  that 
same  instrument  and  with  those  absorbers  as  decomposition  of  trioctadecylphosphite 
in  the  absence  of  metals. 

In  every  experiment,  into  the  reactor  was  loaded  4  g  octadecyl phosphite  and 
4  g  metal  or  oxidised  metal.  Powdery  reduced  iron  and  copper  were  tested,  and  also 
powdery  copper  oxide  (CuO)  and  mixed  oxide  of  iron  (FejO^). 


Results  of  experiments  are  given  in  Table  2, 


Table  2.  The  real  Decomposition  of  Trioctadecylphosphite 
la  the  Presence  of  Metals  and 
Their  Oxides 


Mo. 

experl— 

■ent 

Metal  or 
oxide  of 
■etal 

Conditions  of  decomposition 

Quantity  of 
free  FH-j,  % 

Duration, 

hours 

1 

|  Temperature 

1  ‘C 

1 

Pe 

3.5 

250—260 

6.0 

2 

Pt3°4 

4 

250—260 

7.5 

*3 

•w 

4 

250—250 

37.5 

4 

Cu 

2 

210—225 

10.0 

5 

CuO 

3 

250—260 

0.0 

♦In  granules. 


In  the  last  coltmn  is  given  percentage  of  free  phosphine  with  respect  to 
quantity  of  phosphine  required  according  to  the  equation  of  decomposition  of 
trioctadecylphosphite  (taken  to  be  100£).  Free  phosphine,  unreacting  with  metal, 
was  determined  by  the  usmal  means  —  oxidation  by  a  solution  of  poUssium 
permanganate,  as  shown  above.  From  data  given  in  Table  2  it  follows  that  the 
main  part  of  the  phosphine  formed  during  the  decomposition  of  trioctadecylphosphite 
reacts  with  iron,  copper,  and  their  oxides,  giving  the  corresponding  phosphides 
of  the  metals  iron  and  copper.  In  all  experiments  the  quantity  of  definite  free 
phosphine  was  insignificant.  Granulated  iron  oxide  (experiment  3)»  possessing  a 
less  well-developed  surface  than  powdery  iron  (experiment  2),  as  one  should  have 
expected,  could  not  take  up  all  the  separated  phosphine  which  gave  an  increased 
yield  of  free  phosphine. 

After  decomposition  of  trioctadecyi,  the  remainder  in  the  reactor,  a  hard 
■ass,  was  processed  by  ether,  benzene,  and  alcohol  to  remove  organic  compounds  — 
undecomposed  trioctadecylphosphite,  octadecylene,  and,  possibly,  other  products 
of  decomposition. 
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The  remaining  powdery  mass  was  processed  by  hot  water  to  remove  the  phosphorous 
•old  (phosphides  of  iron  and  copper  are  not  decomposed  by  water  at  heating  up  to 
100*)  and  was  washed  by  alcohol. 

In  the  purified  powdery  mass,  the  phosphides  were  qualitatively  determined 
fay  decomposition  by  a  40£  solution  sulfuric  acid  with  formation  of  phosphine 
(reaction  with  silver  nitrate  and  oxidation  by  a  solution  of  potassiw  permanganate). 

In  the  second  experiment  (see  Table  2)  phosphorus  phosphide  in  a  mixture  of 
Iron  and  phosphide  was  quantitatively  determined  by  the  weight  method. 

Decomposition  of  trioctadecylphosphite  took  place  in  the  same  temperature 
interval  (250-260*),  as  did  the  decomposition  of  trioctadecylphosphite  in  the 
absence  of  metals  and  their  oxides.  The  only  exception  was  the  experiment  with 
reduced  powdery  copper.  In  this  case  decomposition  of  trioctadecylphosphite 
occurred  at  a  lower  temperature  (210-225*)  and  with  a  greater  speed.  Obviously, 
the  reduced  copper  renders  a  catalytical  action  on  the  decomposition  of  tri¬ 
octadecylphosphite  . 

Decomposition  of  tributyl  phosphite  in  the  presence  of  iron  and  copper,  and 
also  their  oxides,  as  in  the  case  of  trioctadecylphosphite  also  proceeds  with  the 
formation  of  phosphides.  The  temperature  of  decomposition  of  Lributyiphosphite 
in  vhe  presence  of  copper  (and  oxide  -’f  copper)  was  still  lower  than  during  the 
decomposition  of  trioctadecylphosphite,  and  in  certain  experiments  constituted 
140-190*.  He  -;,  besides  the  basic  reaction  which  takes  piace  with  the  formation 
of  phosphorous  acid,  phosphine  and  butylene,  side  reactions  were  observed.  The 
decomposition  of  tributylphosphito  in  the  presence  of  metals  took  place  without 
an  induction  period. 

The  obtained  results  indicate  that  the  phosphine  forming  during  the  thermal 
decomposition  of  trialkylphosphites  in  the  presence  of  iron,  copper,  and  their 
oxides,  will  form  phosphides  of  iron  and  copper.  It  is  possible  that  during  the 
Influence  of  such  a  strong  reducing  agent  as  phosphine,  oxides  in  the  beginning 


are  reduced  to  cetals  which  ti»*n  from  phosphides.  It  is  possible  to  allow  also 
that  phosphine  at  increased  temperatures  is  decomposed  into  phosphorus  and 
hydrogen,  and  then  phosphorus  with  metal  gives  phosphide. 

Conclusions 

1.  Synthetic  additives  of  the  trialkylphosphites  and  trialkyltrinitro- 
phosphites  types,  at  a  definite  temperature  of  the  order  of  250*260°  are  decomposed 
with  formation  of  simpler  compounds.  For  tributylphosphite  the  thermal  de¬ 
composition  may  be  expressed  by  the  equation 

4(c4h90)3P^3h3FVPH3+12C4H8 

For  trialkylphosphites  this  may  be  expressed  by  the  general  equation 
‘(VWV  -‘3H3POt+PH3+I2CnHjn 

Trialkyltrithiophosphites  at  increased  temperatures  undergo  an  analogous 
transformation,  but  in  this  case  along  with  the  phosphine  and  unsaturated  hydro¬ 
carbon  hydrogen  sulfide  will  be  formed. 

2.  In  the  presence  of  metals  and  their  oxides  (Fet  Fe^,  Cu,  CuO)  thermal 
decomposition  goes  according  to  the  above  equation,  but  here  the  main  part  of 

the  phosphine  which  forms  reacts  with  metals  (and  their  oxides),  forcing  phosphides 
of  metals. 

Metals  (copper)  eatalytically  affect  decomposition  of  phosphites:  de¬ 
composition  starts  at  a  lower  temperature  and  goes  with  greater  speed. 

3.  Mechanism  of  action  of  additives  of  the  trialkylphosphites  type. 

Trialkylphosphites  are  adsorbed  onto  metallic  friction  surfaces  from  butyric 

solution.  In  conditions  of  boundary  friction,  under  high  loads  the  places  of 
contact  develop  temperatures  exceeding  thermal  stability  of  the  trialkylphosphites . 
the  trialkylphosphites  are  decomposed  with  formation  of  phosphine,  which  reacts 
with  metal  (or  oxide  of  metal)  of  the  friction  surface,  forming  a  phosphide  of 


4.  Trlalkyltrithiophosphites  in  conditions  of  increased  temperatures  are 
decomposed  with  formation  of  phosphine  and  hydrogen  sulfide,  which  correspondingly 

m 

give  a  phosphide  and  sulfide  of  metal.  Since  iron  sulfide  is  melted  at  a  higher 
temperature  (1193*)  than  eutectic  mixtures  of  phosphides  of  metal,  the  phosphide- 
sulfide  film  which  is  forced  can  show  its  action  under  various  regimes  of  friction, 
like  both  a  phosphide,  and  a  sulfide  film.  By  this  is  explained  more  the  active 
action  of  additives  of  trialkyltrithloptosphites  as  compared  to  trialkyl  phosphites. 

$•  hydrocarbon  radicals  of  trialkylphosphites  and  trlalkyltrithiophosphites 
under  thermal  influence  split  off,  formir^  unsaturated  hydrocarbons,  and,  thus, 
do  not  participate  in  chemical  reaction  with  metal,  hydrocarbon  radicals  ensure 
solubility  of  phosphite  in  hydrocarbon  medium  —  oil  —  and  depending  upon 
structure  can  in  this  or  that  degree  increase  total  surface  activity  of  molecule 
of  phosphite  which  has  a  value  during  adsorption  of  phosphite  onto  surface  of 
netal. 

6.  Additives  of  other  types  than  trialkylphosphites  will  undergo  other 
chemical  transformations  on  a  metallic  friction  surface.  However,  cannon  for 
mechanism  of  action  of  additives  of  all  types  is  the  fact  that  all  additives, 
including  organic  compounds  of  ciu'orlne,  sulfur,  phosphorus,  and  also  organic 
chlorr  phosphorous  and  thiophosphorous  cog  pounds,  at  increased  temperatures  in 
conditions  of  friction  undergo  c  herd  cal  transformations  (are  decomposed)  with 
formation  of  rr'atively  simple  compounds  — >  chlorine,  tgrdrogen  chloride,  sulfur, 
hydrogen  sulfide,  phosphine  and  others.  During  reaction  with  metals  of  the 

rlction  surface  these  compounds  will  form  chlorides,  sulfides,  and!  phosphides 
of  metals. 

7.  Study  of  the  action  of  phosphorous  organic  compounds  or.  wear  during 
friction  gives  a  basis  for  scientific  approach  to  synthesis  and  selection  of 
antlwsar  additives.  Consequently,  it  is  necessary  to  syntnealxe  phosphorous 
organic  (or  ether)  compounds  which  would  be  decomposed  in  a  definite  temperature 


range  depending  on  conditions  of  friction,  giving  the  above  simplest  compounds. 
Substances  decomposed  below  this  temperature  range,  especially  at  temperature  of 
lubricating  oil  in  the  system,  will  react  with  the  metallic  surface,  but  simul¬ 
taneously  they  will  cause  corrosion  of  metallic  parts  of  the  machine  as  a  result 
of  decomposition  of  the  additive.  Conversely,  too  stable  substances  will  not  be 
decomposed  and,  consequently,  will  not  be  active  in  conditions  of  increased 
temperatures  of  boundary  friction. 

Investigations  of  conditions  of  thermal  decomposition  of  synthetic  additives 
and  mobility  of  separate  atoms  in  a  molecule  of  additive  have  to  serve  as  the 
basis  for  synthetic  works  in  this  region. 

Literature 

1.  P.  I.  Sanln,  Te.  S.  Shepeleva,  V.  7.  Sher  and  A.  V.  Ul'yanova.  Chemistry 
and  use  of  phosphorous  organic  compounds.  Transactions  of  the  First  conference. 
Publishing  House  of  Acadery  of  Sciences  of  USSR,  1957,  p.  112. 

2.  P.  I.  Sanln,  Te.  S.  She-releva,  A.  7.  Ul'yanova  and  B.  7.  Kleymenov. 
Transactions  of  Third  All-Union  Conference  on  Friction  and  Wear.  Academy  of 
Sciences  of  USSR,  I960. 

3.  0.  Bock,  J.  W.  Givens  fluid  E.  C.  Williams.  Proc.  Hoy.  Soc.,  177,  Ho*  968, 

mo. 

4.  W\  Diwey.  Ind.  Big.  Chcm.,  12,  No.  9,  1841,  1950. 

5.  G.  7.  Vinogradov,  M.  M.  Kusakov,  P.  I.  Sanln,  Tu.  S.  Zaslavskiy,  E.  A. 

Razuoovskaya ,  A.  7.  Ul’yanova  and  D.  7.  Ryabova.  Chemistry  and  technology  of 
Am!,  No.  6,  1956. 

6.  C.  Ziwaeruann.  Liebig's  Annalen  der  Chemle,  175,  18,  1875. 

7.  J.  W.  Hellor.  A  Comprehensive  Treatise  on  Inorganic  and  Theoretical 
Chemistry,  8,  1928. 

8.  P.  7.  Popov.  Reference  book  on  chemical-exterminator*.  GNTI,  1956. 

9.  7.  G.  Gurevich  and  Te.  A.  Rashkovan.  Journal  of  General  Chemistry,  5, 
1317,  1935. 

10.  Bellstcin,  7©1.  t.  1,  p.  226,  1918. 

11.  If.  0.  Young,  R*  T.  Dillon  and  H.  J.  Lucas.  J.  Am.  Omb.  So<“ .,  51#  2528, 

1929. 


ret; 


12.  7.  Zharkora.  «r, d  B.  Holders kij.  Journal  of  General  Chenistry,  17,  1268, 


HW  METHODS  AND  RESULTS  OF  INVESTIGATION  OF  ANTIWEAR 
AND  ANTIFRICTION  PROPERTIES  OF  LUBRICATING  MATERIALS 

G.  V.  Vinogradov 

Institute  of  Oil-Chemical  Synthesis  of  Acadenqr 
of  Sciences  of  USSR 

Introduction 

For  a  long  time  the  lubricating  action  of  petroleum  oils  has  been  explained 
exclusively  by  the  presence  in  them  of  surface  active  materials  which  are  able 
to  be  adsorbed  on  a  metal  —  oil  boundary.  The  influence  on  lubricating  ability 
of  petroleum  oils  of  hydrocarbon  components,  which  are  their  basic  component 
parts,  and  also  in  what  measure  they  can  generate  substances  active  with  relatioi 
to  the  metal  —  oil  surface,  until  recently  have  remained  essentially  uninvesti¬ 
gated. 

Investigation  of  severe  steel  on  steel  friction  conditions  showed  that 
surface  active  materials  are  not  able  to  prevent  the  strongest  damages  of  friction 
surfaces,  developed  as  a  result  their  gripping  and  the  processes  of  seizing  and 
fusing  which  are  a  result  of  this.  Prevention  of  direct  contact  of  metal  with 
metal  for  the  conjugate  friction  surfaces  under  high  contact  pressures  turned  out 
to  be  possible  in  the  presence  of  substances  containing  chemically  mobile  atoms  of 
sulfur,  chlorine,  and  phosphorus.  Study  of  mechanism  of  action  of  additives, 
preventing  seizing,  scoring,  and  fusing  of  surfaces  of  friction  led  to  the 


Investigation  of  the  reaction  of  chemical ly-active  components  of  oils  with  metals. 
Friction  can  take  place  under  significant  local  increases  of  temperature  which 
leads  to  decosqjosition  of  additives  and  chemical  reaction  between  additives  and 
metal.  It  was  determined  that  under  heavy  conditions  of  friction  on  the  steel 
surface  are  formed  layers  of  subnicroscopic  thickness  of  inorganic  compounds  of 
'iron  with  chlorine,  sulfur  and  phosphorus. 

Although  in  implicit  form,  it  is  assumed  that  oil  is  only  a  carrier  of  the 
additives —  a- medium  from  which  they  can  be  drawn  out.  It  remains  unclarified 
how  active  a  role  in  these  processes  of  chemical  modification  of  friction  surfaces 
is  played  by  the  actual  hydrocarbon  medium  and  in  what  measure  is  changed 
receptivity  of  oils  to  additives  depending  upon  their  nature  and  properties.  With 
this  is  connected  the  more  general  and  important  question  about  what  chemical 
processes  take  place  in  the  hydrocarbon  media  during  heavy  friction  conditions, 
bow  intense  they  are,  and  how  they  influence  friction.  Inasmuch  as  during 
friction  of  metals  their  Juvenile  surface  is  uncovered  and  the  process  of  friction 
itself  can  be  accompanied  by  significant  thermal  effects,  there  exist  all  prereq¬ 
uisites  for  different  chemical  reactions  on  the  friction  surfaces. 

At  present  on  the  basis  of  the  development  of  simple  and  effects  methods 
of  separation  of  petroleum  oils  into  structural-group  fractions  there  were  opened 
wide  poseibil item  for  systematic  investigations  of  the  influence  of  the  composition 
of  oil  products  on  their  lubricating  action. 

Besults  of  study  of  antiwear  and  antifriction  properties  of  petroleum  oils, 
their  compomumt  parts  and  mechanism  of  action  of  antiwear  additives  are  published 
by  me,  H.  0.  Eezborod'ko  and  colleagues  in  a  mmber  of  articles.  After  our  first 
Works  investigations  of  antiwear  properties  of  petroleum  oils  and  their  structural- 
group  fractions  were  conducted  b v  K.  I.  Klimov  and  C.  I.  Kichkin.  The  simplest 
regularities  were  found  in  experiments  which  were  conducted  in  the  air  with 
nonpolar  naphthene- paraffin  fractions  of  oils  of  different  origin.  It  turned  out 


that  with  a  high  degree  of  reliability  are  recorded  critical  loads  provoking 
seizing  at  friction  of  ateel  to  steel  in  a  medium  of  petroleum  oils.  These  loads 
of  seizing  are  lowefed  with  transition  from  move  viscous  to  less  viscous  oils 
(comparison  during  constant  temperature)  with  increase  of  temperatures  and  rates 
of  slipping.  An  Immaterial  distinction  between  average- viscous  and  high-viscous 
naphthene-paraffin  fractions  separated  from  various  Baku  oils  was  established. 
Naphthene-paraffin  fractions  of  low-viscosity  oils  of  different  deposits,  and 
also  viscous  oils  separated  from  oils  Ural-Volzhskoe  deposits  significantly  differ 
from  them.  For  these  oil  products  is  characteristic  a  less  severe  seizing  and 
easing  of  the  treatment  of  friction  surfaces  after  seizing. 

Investigation  of  structural-group  fractions  of  petroleum  oils  enriched  by 
aromatic  compounds,  showed  that  there  is  a  decisive  value  in  the  presence  of 
?ulfur  organic  compounds  in  them.  It  was  noticed  that  many  low-viscosity  oils 
and  structural-group  fractions  separated  from  them  differ  by  increased  recep¬ 
tivity  to  additives.  They  occupy  a  special  position  with  respect  to  the  seizing 
process  in  them.  On  the  one  hand,  after  a  very  short  time  (tens  of  seconds)  on 
seizing  conditions  the  hydrocarbon  medium  is  oxidized,  and  resinous  substances 
are  formed  in  zones  of  friction;  on  the  other  h;.nd,  in  low-viscosity  oils  the 
seizing  regime,  extremely  dangerous  for  friction  surfaces,  is  quickly  cut  off  and 
the  regime  is  less  severe  than  in  the  case  of  viscous  oils.  If  the  latter  are 
highly  purified,  then  the  seizing  immediately  obtains  the  character  of  Aising  of 
friction  surfaces.  Forcing  and  suppression  of  oxidation  by  blowing  0%  and  Ar 
through  the  lubricating  media  showed  that  presence  of  O2  in  friction  zones 
exceptionally  strongly  influences  friction  at  high  contact  pressures. 

Molecular  oxygen  and  products  of  oxidation  of  hydrocarbon  not  only  act  in 
the  same  direction  as  sulfur  organic  additives  to  oils,  but  also  strengthen  one 
another's  action. 
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Recently  there  were  investigated  antiwear  and  antifriction  properties  of 
aixtures  of  isomers*  of  hydrocarbons  and  individual  hydrocarbons.  They  showed  that 
in  experiments  with  them  are  observed  the  same  phenomena,  which  earlier  were 
studied  on  structural-group  fractions  of  low-sulfur  petroleum  oils.  It  follows 
from  this  that  the  behavior  of  oil  products  under  heavy  regimes  of  boundary 
Motion  is  determined  first  of  all  by  flow  of  conjugate  reactions  of  oxidation 
of  hydrocarbons  and  steel.  The  present  report  gives  a  strict  foundation  of  this 
position. 

Experimental  Method 

Many  of  our  works  in  which  were  studied  the  above  questions,  were  carried 
out  on  an  MT-2  friction  machine  with  a  friction  unit  through  which  it  is  possible 
to  blow  different  gases.  However,  this  installation  does  not  ensure  a  sufficiently 
wide  change  of  temperatures,  rates  of  slipping,  and  contact  pressures.  In  it  is 
used  an  open  friction  unit  which  does  not  give  the  possibility  to  conduct  experi¬ 
ments  in  strict  conditions  with  inert  and  other  pure  gases;  in  it,  it  is 
impossible  to  conduct  tests  in  a  vacuum  and  to  work  with  lubricating  materials, 
which  are  obtained  or  are  distilled  outside  contact  with  oxygen.  Resolution  of 
these  problems  was  made  on  an  MT-4  f  action  machine  (construction  of  V.  I. 

Drmndin  and  4-  A.  Konstantinov).  Machine  MT-4»  was  adjusted  by  P.  T.  Pavlovskaya 
and  Tu.  Ta.  Podol'skiy.  In  Fig.  1  is  sh.'wn  fundamental  diagram  of  a  vaeuie  high- 
temperature  friction  machine. 

loading  the  friction  unit  and  change  of  load  is  carried  out  with  the  help  of 
a  star  lard  piston  manometer  1.  Pressure  from  it  is  transmitted  by  oil  filling 
pipeline  2,  to  piston  3  in  load  chamber  U.  Cup  with  spheres  and  tested  lubricant 
rests  on  piston  3  by  means  of  ball  and  thrust  bearings,  among  which  is  placed  a 
thermo  insulating  disk  5.  Changeable  piston  3  are  used  for  expansion  of  range  of 
axial  loads;  they  have  a  cross  section  area  of  7.5  and  15  cm2.  This  allows  axial 
loads  of  from  7.5  to  5000  kg  on  friction  unit. 
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Fig.  1.  Diagram  of  a  vacuus  friction  machine. 


In  friction  unit  6  is  a  cup  with  three  spheres  and  the  test  lubricating 
material.  To  regulate  it  on  the  cup  is  put  a  Jacket,  through  which  with  the 
help  cf  a  circulating  thermostat,  liquid  is  expelled.  This  makes  it  possible  to 
oondnct  experiments  at  a  temper*'  ;re  up  to  180-20C*.  The  regulating  liquid  enters 
the  Jacket  surrounding  the  cup  with  spheres  through  flexible  hoses,  not  shown  in 
Fig.  I . 

If  it  is  necessary  to  conduct  the  test  at  higb?r  temperatures,  then  a 
radiation  furnace  is  used,  which  is  significantly  more  effective  and  more 
convenient  than  the  electric  heater  applied  in  the  KT-2  friction  machine. 

Current  to  the  heating  spiral  of  the  radiation  furnace  is  brought  in  along 
flexible  wires,  insulated  by  porcelain  beads  from,  terminal  7  (second  terminal  in 
Pig.  1  is  not  shown).  Resting  of  friction  unit  is  regulated  with  the  help  of  a 
pyrometric  electronic  potentiometer  8  of  the  type  EPV11-2T,  connected  to  the 
circuit  of  the  heating  spiral.  Transducer  for  that  potentiometer  is  a  Chromel- 
Conel  thermocouple,  the  hot  Joint  of  which  is  placed  in  lubricant. 

The  friction  unit  is  in  a  hermetically  closed  chamber  9.  A  special  sealing 
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device  10  hermetically  seal*  revolving  shaft  11  from  -orinc  loose  froa  chamber  9. 
Speeds  of  Its  rotation  at  which  it  is  possible  to  carry  out  of  the  experiments , 
are  changed  from  50  to  3200  rpt.  They  are  measured  by  tachometer  12.  Shaft  11 
is  set  Into  rotation  by  a  v-belt  transmission  with  removable  pulleys  froa  hydro- 
aotor  13,  which  is  fed  by  oil  from  hydraulic  pump  14.  Adjustment  of  speed  oil 
feed  makes  it  possible  to  change  speed  of  rotation  of  shaft  of  friction  machine 
in  the  necessary  Banner.  The  hydraulic  prop  works  froa  induction  aotor  15  1.7 
kilowatts  in  capacity  at  1420  rpm.  Instead  of  hydrodrive,  electric  drive  may  be 
used  with  success. 

Chamber  9  is  joined  by  vacuum  cock  16  with  fore  pump  17  (type  RVN-20)  and 
hlgh-vacutss  pump  18  (type  TsVL-100).  With  the  help  of  cock  16  it  is  possible  to 
switch  cn  vacuum  puips  and  to  connect  closed  chamber  with  atmosphere.  The  fore 
pump  creates  a  vaeuun  to  10~2  szn  Hg;  a  vacuum  to  1CT 5  an  Hg  is  attained  during 
operation  of  pump  TsVL-100  for  5-7  minutes  to  measure  the  vacuum,  Yacura  gage  19 
of  the  TIT-1  type  is  used. 

In  the  chamber  in  which  the  friction  unit  is,  can  be  created  gas  media  of 
different  composition.  First  a  vacuum  is  created.  Then  is  opened  the  valve 
closing  off  branch  pipe  20,  and  through  it  into  the  chamber  moves  the  appropriate 
gas.  On  the  considered  installation  is  foreseen  the  possibility  of  introdu:tion 
into  the  friction  unit  of  lubricating  materials  and  additives  to  them,  obtained 
or  distilled  4  a  vacuum  and  being  in  ampuls  which  prevents  their  contact  with 
jir. 

It  is  possible  not  only  to  fill  the  chamber  by  gas  of  a  definite  nature, 
but  also  to  blow  the  gas  through  the  liquid  lubricant  which  is  in  the  friction 
\  unit,  for  tr.it,  introduction  of  tube  20  into  the  chamber  is  coupled  with  drilling 

I 

|  in  the  cup  in  which  are  lubricant  and  friction  body,  with  the  help  of  flexible 
I  teflon  tube  21.  Gas  blown  through  the  friction  unit  emerges  into  atmosphere 
| thro ugh  cock  16. 


Moments  of  frletion  are  measured  b y  tensoreteric  dynamometer.  Cup  22 ,  in 
which  are  spheres  and  test  lubricant,  is  connected  by  bar  23  with  dynamometric 
beam  24,  on  which  are  glued  wire  transducers  connected  to  bridge  circuit. 
Electromotive  force  and  corresponding  moments  of  friction  are  recorded  by 
instruments  25.  Self-recording  potentiometer  (type  EPP-09),  loop  oscillograph, 
and  cathode  oscillograph  ERU  with  afterglow  screen  are  used. 

Tests  on  friction  machine  MT-4  are  carried  out  so  that  always  at  first  a 
definite  load  is  set,  then  the  spindle  with  the  upper  sphere  is  set  into  rotation 
with  the  needed  speed.  The  experiment  is  finished  stopping  the  electric  motor  of 
drive.  From  experiment  to  experiment  loads  are  Increased  by  steps.  They  go  from 
smaller  to  higher  values.  Coefficients  of  friction  are  recorded  continuously 
during  all  experiments.  Initial  load  of  lubricating  material  is  3*7  ml. 

The  length  of  all  experiments  forming  one  test  is  30  seconds.  In  the  course 
of  the  test  measurements  of  wear  are  not  conducted;  the  balls  do  not  turn.  Exper¬ 
iments  follow  one  after  another  with  interruptions  of  5  minutes.  Experiments  are 
conducted  up  to  the  start  of  seizing.  Seizing  is  observed  either  prior  to  a 
strong  decrease  of  frictional  force  (transition  to  regime  of  running-in),  or  as 
long  as  frictional  force  does  not  increase  to  critical  values  at  which  tensometric 
transducers  can  be  damaged.  To  avoid  this  drive  of  friction  machine  automatically 
will  be  turned  off.  In  many  cases,  after  the  first  experiment  in  which  seizing 
is  observed,  repeated  experiments  are  conducted  with  the  same  or  higher  loads  in 
order  to  determine  presence  or  absence  ef  inclination  to  develop  running-in  of 
friction  surfaces. 

For  want  of  room,  below  are  given  only  results  obtained  on  balls  from 
hardened  (Rc-62)  ball  bearing  steels  at  room  temperature  and  a  rate  of  slipping 
of  ?3  cm/sec.  Tests  were  conducted  by  Liang-Xuo-lin  and  If.  T.  Pavlovskaya  on 
naphthene-paraffin  fraction  (npf)  of  oil  KS-2G,  obtained  from  a  mixture  of 
Surakhany  and  Karachukhurskoye  oils.  Blowing  of  gases  was  done  at  atmospheric 
pressure  with  a  rate  of  12  l/hour. 
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In  Fig.  2  is  shown  dependence  of 
coefficient  of  kinetic  friction  **  on 
lends  (P)  pressing  lower  balls  to 
upper  ones.  With  loads  lower  than 
seizing  load  are  used  mean  values  of 
ji  ,  recording  during  30>second  exper¬ 
iments.  To  seizing  corresponds  sharp 
increase  of  coefficients  of  friction , 
while  on  curves  m  (P)  are  marked 
maxlaama  fixed  in  seizing.  In  connection 
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Fig.  2.  Dependence  of  coefficients 
of  kinetic  friction  on  axial  loads 
(naphthene-paraffin  fraction  of  oil 
KS-20). 

1)  test  in  vacuum:  2)  in  presence 
of  At  (normal  pressure  );  3)  while 
blowing  Ar  through  oil;  4)  in  air 
without  its  blowing;  5)  while  blowing 
air  through  oil;  6)  in  an  O2  medium 
(normal  pressure);  7)  while  blowing 
O2  through  oil. 


with  the  fact  that  in  the  interval  of 
change  of  loads  from  50  to  90  kg, 
curves  m  (P)  pass  very  closely  one  to 
another  and  their  movement  is  smooth; 
on  the  graph  are  not  shown  the  points 
by  which  they  are  constructed. 

Proe  Fig  2  it  is  clear  that  all 
tests,  conducted  usually  in  air,  are 


carried  out  in  the  presence  of  a  ve ~  -  active  antiscoring  additive  —  molecular 
oxygen.  Thus,  tests  of  npf,  conducted  in  a  deep  vacuum  (residual  pressure  less 
than  10“^  mm  g)  and  represented  by  curve  1,  show  that  air  (oxygen)  dissolved  in 
oil  vsry  strongly  influences  friction  of  steel  against  steel.  In  oil  from  which 
air  was  evacuated,  seizing  appears  at  lowest  loads 

Ar  in  experiments  contained  hundredths  (less  0.05)  of  a  percent  of  Ojg. 
Therefore,  experiments  with  A r  are  essentially  conducted  in  conditions  of  "sharp 
oxygen  starvation"  (Fig.  2).  Upon  blowing  Ar  through  the  cup  with  oil  is  observed 
a  significant  spreading  of  seizing  loads.  In  Fig.  2  this  is  marked  by  shaded  band 
3,  which  includes  a  definite  range  of  maxim’ «  values  of  **,  recorded  curing  parallel 
tests  in  whicn  suiting  clrrcrve  1 . 
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Seizing  loads  in  experiments  with  A r  are  significantly  larger  than  in  a 
tracuum.  TMs  xeans  that  there  are  sufficient  traces  of  oxygen  in  gas  phase  and 
in  oil,  so  that  conditions  of  friction  sharply  were  .changed  and  load  of  seizing 
is  significantly  increased* 

Spreading  of  critical  loads  is  connected  with  conditions  of  blowing  the  gas 
through  the  friction  unit.  Gas  passes  through  liquid  lubricating  medium  in  the 
form  of  bubbles.  The  essential  value  of  the  passage  of  the  bubbles  was  noted. 

If  passage  of  bubbles  directly  precedes  beginning  of  seizing,  then  it  either  does 
not  occur,  or  is  suppressed  in  the  initial  stage  of  its  development. 

Transition  to  experiments  in  air  regularly  leads  to  increase  of  seizing  loads. 
Here  always  with  special  sharpness  there  appears  strong  influence  of  blowing  air 
on  spread  of  values  of  seizing  loads.  This  is  understandable,  since  air  differs 
by  significant  oxidizing  activity.  At  the  moment  of  passage  of  bubble  of  air 
through  the  oil  repeatedly  there  was  noted  a  ceasing  in  the  actual  beginning  of 
the  seizing.  Experiments  conducted  with  pure  oxygen  show  an  increase  of  seizing 
loads  which  is  still  larger  than  in  case  of  air. 

Typical  friction  —  time  diagrams  for  experiments  with  loads  lower  than 
seizing  loads  are  presented  in  Pig.  3.  Every  horizontal  band  on  these  diagrams 
corresponds  to  5  ace.  Coefficients  of  frictions  are  along  the  axis  of  abscissas. 

To  decrease  dimensions  of  diagrams,  on  them  are  shewn  only  values  of  M  ^  0.00. 
Beginning  of  experiments  is  shown  by  arrows.  Since  starting  of  friction  machine 
is  done  after  seizing  of  load  ard  compression  cf  balls,  in  the  beginning  of  the 
experiments  static  friction  is  surmounted.  Moment  of  stop  of  friction  machine 
(switching  on  of  electric  motor  in  drive  system)  after  its  30- second  run  is  marked 
by  pointers  with  circle.  In  every  test  to  experiments  1,  2,  3*  4  corresponded 
axial  loads  of  52.5*  60,  67.5,  75  Kg.  (To  decrease  dimensions  of  figure,  intervals 
of  time  between  separate  experiments  arc  shown  significantly  nail  than  in  reality.) 
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Pig.  3.  Friction  —  time  diagrams  with  loads  lower 
than  seising;  loads. 

KEY:  (a)  Air  with  blowing. 


lot  us  consider  first  the  results  of  experiments  with  Ar.  After  the  beginning 
of  the  first  experiment  for  2-3  sec  there  occurs  an  acceleration  of  the  spindle 
with  upper  reir  lvi^g  sphere.  During  constant  speed  of  rotation  small  changes  of 
coefficient  of  friction  are  observed.  When  drive  motor  is  stopped  there  occurs  a 
very  rapid  slowing  down  of  the  upper  sphere  as  a  result  of  friction  against  the 
lower  spheres.  These  spheres  together  with  the  cup  are  attracted  by  the  upper 
sphere  in  direction  of  its  rotation.  On  the  friction  —  time  diagram  this  increase 
of  frictional  force  during  slowing  .n  of  upper  sphere  is  marked  as  a  Jump  of 
coefficients  of  friction. 

The  dynu.  ometric  brake,  connected  with  cup  in  which  are  three  lower  spheres, 
tends  to  turn  it  in  the  direction  reverse  to  the  rotation  of  the  upper  sphere.  As 
a  result  there  occurs  a  drop  cf  coefficients  of  fricticr.  to  certain  of  their  limit 
value  which  then  can  be  ke;  *  any  amount  for  a  long  tlm?  To  decrease  dimensions 
of  the  figure  decrease  of  ?  after  step  of  electric  driv-.  motor  is  shown  by  lines 
with  a  break.  Vertical  sections  of  these  lines  give  Usit  values  of  a  .  at  a 
given  force  enforcing  the  dyr.arxr.eter,  transition  -o  higher  load  is  equivalent 
to  a  decrease  of  coefficient  of  friction.  Therefore,  on  the  following  diagrams 
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of  friction,  in  the  beginning  of  every  given  experiment  is  marked  a  lower  value 
of  n  than  the  limit  m  at  the  end  of  the  preceding. 

Limit  values  of  m  are  determined  by  characteristics  of  dynamometric  brake 
and  essentially  depend  on  conditions  of  setting  up  the  experiment.  Using  the 
same  dynamometric  b-ake,  under  identical  conditions  of  setting  up  the  experiments 
with  respect  to  temperatures  of  lubricating  medium,  rates  of  slipping  and  loads, 
the  limit  values  of  m  characterise  static  friction. 

In  experiments  with  Ar  with  an  increase  of  loads,  static  friction,  although 
somewhat  increased,  in  general  remains  insignificant. 

In  experiments  with  the  blowing  of  air,  first,  with  increase  of  P  variations 
of  coefficients  of  kinetic  friction  aw  revealed;  secondly,  static  friction 
strongly  increases.  Already  in  the  third  experiment  at  P  =  67  kg  stop  of  drive 
motor  entails  significant  deformation  of  dynamometric  brake,  since  lower  spheres 
ars  attracted  with  force  by  the  upper  sphere  in  the  direction  of  its  rotation. 

Here  there  exists  a  decrease  of  frictional  force  after  its  maximum  increases,  i.e., 
after  termination  of  experiment  frictional  force  remains  at  a  limiting  high  level, 
attained  at  the  moment  the  motor  is  stopped.  When  the  motor  starts  arew,  first 
frict  ional  fore®  sharply  decreases,  then  it  ie  "eases  slower,  while  continuous 
fluctuations  of  it  are  observed. 

In  experiments  with  blowing  O2  through  friction  unit,  static  friction  turned 
out  to  be  exceptionally  Meh.  Upon  starting  the  friction  machine  with  loaded 
friction  unit,  the  frictional  force  is  lowered  1.5-2  times.  At  established 
apet-d  of  rotation  strong  fluctuations  of  coefficients  of  friction  are  observed. 

Strengthening  of  conjugate  reactions  of  oxidation  of  steel  and  hydrocarbon 
lubricating  substances  Arsens  the  antifriction  properties  of  these  media  at 
relatively  low  loads.  Increase  of  intensity  of  oxidation  leads  to  growth  of  static 
friction  and  to  fluctuation  of  coefficients  of  kinetic  friction  at  a  constant  rats 
of  slipping.  It  is  possible  to  asswe  that  this  is  connected  with  formation  of 


thick  and  friable  oxidized  layers,  easily  destroyed  during  friction.  During  their 
abrasion  the  seizing  of  the  friction  surfaces  and  closing  up  of  the  places  of 
seising  are  continuously  alternated.  This  is  accompanied  by  intensive  wear  of 
friction  surfaces. 

Consequently,  opt  inn®  conditions  of  friction  at  relatively  low  contact 
pressures  appear  in  an  inert  gas  media  containing  traces  of  oxygen.  A  required 
condition  here  is  intense  mixing  of  lubricating  medium. 

Developoent  of  seizing  in  experiments  with  npf  MS- 20  considered  here  is 
illustrated  by  friction  diagrams  represented  in  Fig.  A.  Every  horizontal  band 
corresponds  to  a  time  of  5  sec.  Beginning  of  experiments  is  marked  by  arrows; 
end  of  experiments  is  shown  by  pointers  with  circles.  Fat  arrows  show  that  after 

stop  of  drive  motor  coefficients  of 
friction  drop  (their  limit  decrease  is 
not  given).  Diagram  1  describes 
seising  in  high  vacuum  at  P  *  45  kg. 

The  shown  decrease  of  coefficients  of 
friction  in  the  course  of  seizing  forced 
us  to  asouee  that  even  in  hydrocarbon 
medium  free  which  air  Is  rtxicirrd,  -.re 
contained  substances  of  antiscoring 
character.  This  ass^siptlen  was  all 
the  more  so  probable  oil  from 
which  air  is  removed  showed  a  rather 
high  load  of  seizing  (45  kg).  Since 
the  investigated  npf  was  in  prolonged  contact  with  air,  although  Li  darkness  and 
in  hermetic  packing,  one  should  have  assused  the  presence  of  products  of  oxidation 
in  it.  This  will  agree  well  with  data  of  our  other  works. 


Fig.  4.  Friction  — 
time  diagrams  on  regimes 
of  seizing. 
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Ar.  experiment  with  A r,  blown  through  oil  (diagram  2),  was  conducted  at 
97.5  kg.  In  this  case  there  was  shown  a  rapid  ceasing  —  termination  of  seizing. 
These  experiments  with  oil  from  which  air  is  removed ,  and  with  blowing  Ar  through 
it  showed  that  at  low  loads  traces  of  oxidation  products  of  hydrocarbons,  which 
can  assist  in  hydrocarbon  lubricating  media,  act  as  effective  antiscoring  additives. 
Ease  of  termination  of  seizing  and  naming  in  of  damaged  friction  surfaces  which 
is  observed  in  the  considered  experiments  with  blowing  Ar,  will  agree  well  with 
the  purpose  that  was  marked  in  an  earlier  works  published  by  us.  In  inert  gas 
media  containing  traces  of  oxygen,  carburization  of  surface  layers  of  steel  and 
formation  in  them  of  iron  carbides  and  alloy  components  due  to  decomposition  of 
hydrocarbons  take  place  with  special  ease.  This  leads  to  a  significant  increase 
of  hardness  of  surface  layers  of  steel  and  increases,  thereby,  the  antiscoring  action 
of  oxidized  layers. 

In  experiments  in  air  (without  blowing  it  with  which  corresponds  diagram  3 
(see  Fig.  A),  obtained  at  P  *  150  kg,  is  observed  a  sharply  expressed  prolonged 
period  of  seizing.  Intensity  of  seizing  in  this  case  is  determined  by  the  fact 
that  at  high  loads  is  required  a  rather  rapid  feed  of  oxidizers  to  the  zone  of 
friction,  which  was  not  realized. 

Very  characteristic  is  the  comparison  of  friction  diagrams  on  seizing  regimes 
in  conditions  of  blowing  air  through  friction  unit  at  P  «  120  kg  (diagram  4)  and 
P  =  165  kg  (diagram  55).  In  the  first  of  these  two  cases  occurs  a  rapid  termi¬ 
nation  of  seizing.  In  tho  second  case  is  observed  a  prolonged  period  of  seizing. 
This  is  explained  by  the  fact  that  in  the  last  case  feed  of  friction  zone  substances 
oxidising  steel  is  insufficient  for  rapid  healing  of  friction  surfaces  and 
transition  to  conditions  of  runr.ing-in  of  damaged  surfaces. 

Diagram  6  shows  hov;  the  experiment  took  place  with  blowing  Oj  through  oil  at 
P  «  195  kg.  It  turned  out  that  in  spite  of  high  initial  contact  pressure,  there 
occurs  a  very  fast  termination  (degeneration)  of  seizing  and  running  in  of  friction 


surfaces. 
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The  assumption  that  traces  of  products  of  oxidation  (not  revealed  by  the 
usual  qualitative  analytic  samples)  can  strongly  affect  steel  to  steel  friction 
was  checked  by  direct  experiments  during  tests  of  hydrocarbon  media,  on  one  hand, 
located  prior  to  these  experiments  in  contact  with  air,  and  on  the  other  hand, 
distilled  in  vacuum  in  a  current  of  clean  Ar.  These  tests  were  conducted  on  npf 
(temperature  of  boiling  140-200°  at  2  mm  Hg)  kerosene  from  Romashkinskiy  oil,  and 
also  on  npf  (temperature  of  boiling  160-210°  at  2  mm  Hg),  driven  off  from  wide  npf 
oil  KS-14,  obtained  from  a  mixture  of  Sura.Jiany  and  Karachukhur  oils. 

In  Fig.  5  are  presented  results  of  test  of  npf  heavy  kerosene.  Line  1  shows 
seizing  during  two  parallel  tests  in  vacuum  (pressure  less  than  10**^  mm  Hg)  of  a 
product  which  was  not  in  contact  with  air  after  i*s  distillation  in  vacuum  in  an 
Ar  stream.  Curve  2  pertains  to  experiments  in  vacuum  with  npf  from  which  although 
air  was  removed,  before  introduction  into  vacuum  chamber  on  short  time  interval 
was  put  into  contact  with  air  at  atmospheric  pressure.  Curve. 3  pertains  to  test 
in  vacuum  of  undistilled  npf.  Curve  4  describes  results  of  test  of  npf  distilled 
and  not  in  contact  with  atmospheric  oxygen  while  blowing  through  it  Ar  containing 
traces  of  ©2-  Experiments  in  air  with  npf  fresh-distilled  in  vacuum  and  ur.distilled 
gave  close  results  (curves  5  and  6).  In  the  case  of  blowing  O2  through  npf 
distilled  in  a  vacuum  curve  7  was  obtained.  Similar  results  turned  out  to  be  in 
the  case  (not  shown  in  Fig.  5)  of  blowing  Oj  through  npf  not  distilled  in  a  vacuum. 
Test3  conducted  with  npf  separated  from  KS-14  gave  results  analogous  to  those 
presented  in  Fig.  5. 

During  tests  in  vacuum  of  npf  not  formerly  in  contact  with  atmospheric  oxygen, 
seizing  sets  in  at  the  lowest  loads  which  it  is  possible  to  give  to  a  friction  unit. 
Even  brief  contact  with  air  noticeably  increases  load  of  seizing.  In  experiments 
'..1th  blowing  Ar  through  npf  not  distilled  in  a  vacuum  frequently  there  are  observed 
lew  coefficients  of  friction  (with  loads  lower  than  loads  of  seizing).  This  will 


agree  veil  with  low  wear  observed  by  us  earlier  in  similar  test  conditions.  It 
is  very  interesting  that  traces  of  products  of  oxidations  present  in  undistilled 
npf  render  an  action  analogous  to  traces  of  oxygen  which  is  contained  in  argon. 

A  qualitative  similarity  of  action  of  molecular  oxygen  and  products  of  oxidation 
of  hydrocarbons  was  repeatedly  noted  in  our  works  recently. 
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Fig.  5.  Dependence 
of  coefficients  of 
kinetic  friction  on 
axial  loads  (naphthene- 
paraffin  fraction  of 
heavy  kerosene). 


In  cases  when  tests  are  conducted 
in  the  presence  of  gas  media  active  with 
respect  to  oxidation  (experiments  in 
air,  with  blowing  of  air  and  O2,  etc.), 
the  influence  of  traces  of  oxidation 
products  no  longer  renders  a  noticeable 
influence. 

Experiments  in  vacuum  and  in  Ar 
(without  blowing  it)  with  oil  products 
distilled  in  a  vacuum,  are  characterized 
by  two  peculiarities.  First,  after 
ceasing  of  experiments  on  conditions  of 
seising  repetition  of  them  with  the 
same  v  ana  even  larger)  load  again  leads 
to  seizing,  which  with  increase  of  loads 


is  all  the  more  intensely  and  is  accompanied  by  progressive  growth  of  coefficients 
of  friction.  In  these  conditions  is  absent  the  running  in  of  friction  surfaces. 
Conversely,  in  experiments  with  blowing  after  degenerated  seizing  took  place 
a  very  significant  increase  of  loads  is  necessary  in  order  to  cause  it  again. 
Secondly,  with  loads  lower  than  loads  of  seising  in  experiments  with  media 
containing  only  insignificant  traces  of  oxygen,  an  intense  grabbing  of  friction 
surfaces  is  shown.  This  appears  in  t,he  fact  that,  in  spite  of  low  loads,  a  stop 
of  the  drive  motor  is  no-1'  accompanied  by  reduction  of  frictional  force  after 


completion  of  dccleration  of  spindle. 


Thus,  as  during  test  of  npf  MS-20,  in  experiments  with  npf  kerosene  and 
MS-14  the  static  friction  of  steel  against  steel  is  increased  with  increase  oxi¬ 
dizing  activity  of  gas  medium. 

From  considered  data  of  test  of  npf  of  different  oil  products  it  is  clear 
that  although  their  nature  influences  the  appearance  and  period  of  seizing  and 
antifriction  properties  under  heavy  conditions  of  friction,  however,  the  distinction 
among  such  extreme  cases  as  residual  oils  and  tail  fractions  of  kerosene  are  not 
essential  as  compared  to  distinction  of  behavior  of  each  of  these  objects  depending 
upon  intensity  of  conjugate  reactions  of  oxidation  of  hydrocarbon  media  and  steel. 

To  simulate  action  of  oxidation  products  active  in  conditions  of  friction, 
into  npf  distilled  in  a  vacuum  was  introduced  0.5 %  benzoyl  peroxide.  This  leads 
to  an  increase  of  static  friction  which  is  shown  in  experiments  in  a  vacuum.  Load 
of  seizing  during  test  in  vacuum  and  in  an  Ar  atmosphere  (-without  blowing  it) 
extraordinarily  increases. 

In  experiments  with  blowing  02  through  solutions  of  benzoyl  peroxide  in  npf 
was  shown  a  decrease  by  2  times  of  the  seizing  load  as  compared  to  control 
experiment  on  initial  npf.  However,  seizing  here  is  very  easily  stopped.  It  is 
accompanied  by  insignificant  wear.  Further  increase  of  load,  more  than  by  2  times, 
d^o»  not  lead  to  seizing  ar.d  is  not  combined  with  noticeable  growth  of  wear. 
Consequently,  there  are  possible  such  cases  when  excessive  forcing  of  process  of 
conjugate  oxidation  of  hydrocarbon  media  ar.d  steel  lead  not  only  to  strengthening 
of  chemical  oxidizing  wear  under  low  loads,  but  also  lovers  load  of  seizing.  At 
the  same  time  under  very  high  contact  pressures  actively  effective  oxidizing  agents 
act  just  as  well-known  antiscoring  additives,  lowering  wear  and  preventing  seizing. 

Introduction  of  inhibitors  of  oxidation  of  the  type  of  pure  2.6-tert-isobutyl- 
4-methylpher.ol  in  npf  of  different  oil  products  showeu  that  in  the  presence  of 
these  inhibitors  static  friction  and  loads  causing  intensity  of  seizing  or  fusing 


of  3teel  are  lowered. 


Conclusions 


1.  In  the  absence  of  oxygen  and  oxygen-containing  compounds  under  boundary 
conditions  of  irj.ct-.on  of  steel,  hydrocarbon  (petroleum)  oils  constitute  an 
ineffective  or  little  effective  lubricating  media. 

2.  Oxygen  dissolved  in  petroleum  oils  and  products  cf  their  oxidation  play 
the  most  important  role  of  natural  additives,  preventing  seizing  of  steel  under 
boundary  friction.  Here  traces  of  these  substa..oe3  essentially  influence. 

3.  During  transition  from  easy  to  heavier  conditions  of  friction  the  relative 
role  of  boundary  layers  formed  by  organic  compounds  (soap  and  so  forth)  decreases, 
and  the  role  of  oxidized  layers  increases. 

4.  With  strengthening  of  processes  of  oxidation  is  increased  static  friction 
and  oxidizing  wear,  at  the  sane  time  seizing  degenerates  (is  accompanied  only  by 
brief,  frequently  relatively  small  increase  of  coefficient  of  friction),  and 
seizing  of  high  intensity  is  developed  during  very  high  contact  stresses. 
Consequently,  to  every  condition  of  friction  correspond  definite  opticun 
concentrations  of  oxiders  and  intensity  of  oxidation. 

Since  petroleum  oils  are  the  media  supplying  oxygen  to  surface  of  steel, 
an  important  .v1  must  be  played  by  condition^  of  transport  to  these  sur faces  of 
molecular  oxygen  and  products  of  oxidation  which  can  depend  on  viscosity  of  liquid 
lubricant,  thickness  of  lubricating  film  covering  body  of  friction,  etc. 

6.  Oxygen  and  products  cf  oxidation  cf  petroleum  oils  act  similarly  to 
sulfur  organic  compounds  utilized  as  ar.tiscoring  additives  to  oils. 

7.  Chemical  organic  compounds  rich  in  oxygen  have  to  differ  in  strong  anti- 
scoring  action  during  friction  of  steel. 


INVESTIGATION  CF  MECHANISM  OF  REACTION  OF 
TRIBUTYLTRITHIOPHCSPHITE  IN  A  HYDROCARBON 
MEDIUM  LAYERS  OF  COPPER  3Y  USING 
RADIOACTIVE  INDICATORS 

M.  K.  Kusakov,  P.  I.  San  in ,  £.  A.  Razumcvskaya, 

A.  V.  Ul'y&ncva  and  A.  P.  Dekartov 
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For  a  comparative  appraisal  of  effectiveness  of  different  additives  to 
lubricating  oils  an  important  value  belongs  to  the  study  of  the  mechanism  of 
reaction  of  these  additives  with  metals.  In  view  of  the  fact  that  the  majority 
of  additives  are  sulfur-,  phosphorus-,  or  chlorine-containing  compound  or  their 
mixture,  a  special  value  belongs  to  functional  differentiation  of  action  of 
ir--.vidual  compounds  and  atoms  in  molecule  of  additive  reacting  with  metal,  on 
the  surface  of  which  are  formed  protective  layers  possessing  antiwear  properties. 

In  recent  years  have  been  published  works  [1-3] »  dedicated  to  the  investi¬ 
gation  of  the  mechanism  of  reaction  with  metals  of  additions  containing  sulfur, 
phosphorus,  or  chlorine,  and  also  the  study  of  joint  action  of  sulfdrous  and 
chlorine-containing  compounds.  In  these  works  are  fixed  temperature  boundaries 
of  reaction  of  additions  with  metals.  It  is  shown  that  with  increase  of  temperature 
there  sets  in  thermal  decomposition  of  additions  determining  the  upper  limit  of 
effectiveness  of  their  action.  In  a  number  of  works  [4-8]  are  given  results  of 
investigation  of  mechanism  and  kinetics  of  reaction  with  steel  and  copper  at 


various  temperatures  of  thio-,  phosphorus-  and  organic  thiophosphorous  additives 
dissolved  in  a  naphthene-paraffin  fraction  of  oil  KS-20.  In  these  works  radio¬ 
active  tracers  are  used,  possessing  the  high  sensitivity  necessary  for  detection 
of  snail  quantities  of  products  of  reaction  of  additions  or  their  components 
with  metals.  As  additions  there  were  used  individual  thio,  phosphorus-,  and 
organic  thiophosphorous  compounds,  marked  according  to  sulfur  (isotope  S^5)  and 
accord1  ng  to  phosphorus  (isotope  p32). 

In  this  report  are  given  results  of  investigation  of  mechanism  of  reaction 
of  trlbutjrltrithiophosphite  with  films  of  copper  in  a  hydrocarbon  medium  (naphthene- 
paraffin  fraction  of  oil  KS-20)  by  using  radioactive  tracers.  Investigation  of 
reaction  of  copper  with  the  addition  of  tributyltrithlophosphite,  marked  according 
to  S.  P,  or  C,  makes  it  possible  to  differentiate  action  of  sulfur  and  phosphorus 
and  to  clarify  role  of  hydrocarbon  radical  of  additive. 

Works  published  earlier  wet*e  conducted  with  metallic  surfaces  subjected  to 
machining  of  a  different  class  of  cleanness,  not  ensuring  sufficiently  good 
reproducibility  during  measurements  of  activity.  In  connection  with  this,  for 
improvement  of  an  earlier  used  method  the  reaction  was  studied  of  elementary 
sulfur  with  metal  in  a  hydrocarbon  medium  on  films  of  copper  of  a  Wen  thickness, 
obtained  by  evaporation  of  metal  in  vacuum  and  ensuring  good  repa  .cibility  of 
quality  of  surface.  Use  of  layers  of  different  thickness  also  allowed  estimation 
of  depth  of  penetration  of  atoms  of  sulfur  in  metal  (with  formation  of  copper 
sulfide)  according  to  thickness  of  applied  layer  during  full  chemical  reaction  of 
sol  far  with  copp*'" 

Layers  were  on  a  thoroughly  degreased  glass  lining  (covering  of  glass), 

and  their  thickness  was  determined  by  weight  method  with  accuracy  up  to  30A 
(weighing  on  microanalytical  scales  with  accuracy  up  to  5*  10-6*). 

The  experimental  method  of  deteralnatlon  of  0  -activity  with  the  help  of  an 
end-window  counter  is  presented  in  published  works  (4].  As  an  addition  to 


naphthene-paraffin  fraction  of  oil  MS-20  was  applied  elementary  sulfur  containing 
$35  (specific  activity  3.5*10^  imp/ml a  g)  in  0*5%  concentration.  Investigation 
of  the  reaction  with  copper  of  elenadtal  sulfur  in  a  hydrocarbon  medium  teas 
carried  out  according  to  an  earlier  developed  -method  [$]  during  intense  mixing 
and  thorough  removal  of  oil  from  surface  by  petroleum  ester  in  a  Soxhlet  apparatus. 
The  sample  of  copper  was  placed  is  a  glass  holder  which  simultaneously  acted  as  a 
mixer,  was  dipped  into  a  vessel  with  mil  containing  sulfur,  and  was  kept  for  a 
definite  time  in  a  thermostat  at  a  temperature  of  120*,  corresponding  to  the  energy 
reaction  of  sulfur  with  copper.  Duration  of  experiment  was  established  expert- 
mentally  and  constituted  from  30  to  UO  minutes. 


fig.  1.  Dependence  of  quantity 
of  elemental  sulfur  combined 
with  coppor,  on  time  for  layers 
of  different  thickness  (at 
constant  temperature). 

Kit  (a)  Quantity  W8«106, 
g/enrj  (b)  Time  {"hours. 


of  copper  sulfide  in  time  is  not  changed 


In  fig.  1  is  depicted  dependence 
of  activity,  estimated  with  respect  to 
quantity  Mg,  of  sulfur  combined  with 
copper,  on  time  r  for  layers  of  different 
thickness  at  constant  temperature  (120*) • 
Oh  the  figure  it  is  clear  that  the 
reaction  of  copper  with  sulfur  dissolved 
in  oil,  for  the  first  30-40  minutes  is 
developed  with  great  speed  and  forth* rt 
gradually  being  delayed,  ceases,  which 
corresponds  to  a  foil  ceasing  of  reaction 
of  sulfur  with  all  copper  in  the  layer. 
Here  the  activity  of  the  formed  layer 
The  limit  value  of  activity  of  the 


layer  is  higher  the  greater  the  thichmnm*  of  the  initial  layer  of  copper.  In 
fig.  2  is  shown  the  dependence  of  limit  quantity  Kg  sulfur  combined  with  copper 
on  thickness  h  of  layer  of  copper  at  constant  to  temperature  (120*). 
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-nu.cr.uch  as  this  dependence  carries  a  linear  character,  one  r.ay  assure  that 
all  copper  completely  reacts  with  sulfur  introduced  into  the  oil,  and  that  within 
1 -r.it s  of  errors  of  measurements  for  the  investigated  interval  of  thicknesses 
(measurements  were  carried  out  for  layers  of  copper  up  to  5000A  thick)  absorption 
of  electrons  in  the  layer  does  not  have  to  be  considered.  Calculation  of 
stoichiometrical  quantities  of  sulfur  and  copper  for  experiments  with  layers  of 
various  thickness  (various  quantity  of  sulfur)  shows  that  the  compound  of  copper 
ar.d  sulfur  which  forms  can  be  only  sulfide  of  copper.  Here  was  observed  satis¬ 
factory  coincidence  of  results  of  stoichiometrical  calculation  with  experimental 
data  obtained  by  weight  method  which  can  serve  as  proof  of  the  formation  of  CuS 
during  chemical  reaction  of  sulfur  with  copper.  This  conclusion  allows  estimation 
of  total  thickness  of  layer  and  mater  of  monolayers  of  copper  sulfide. 


Fig.  2.  Dependence  of  maximum 
quantity  of  elemental  sulfur, 
combined  with  copper,  on  the 
thickness  of  the  copper  layer  (at 
constant  temperature) . 

KEY:  (a)  Quantity  of  M  *10°, 
g/cm2;  (b)  Thickness  of^layer  h,  A. 


Total  thickness  h^  of  layer 
of  copper  sulfide  equals 

AC««'"S\V Avis’  ^ 

where  is  mass  of  copper  sulfide  in 

a  layer  with  area  S  and  ol  us  is  density 
CuS.  The  number  KCuS  of  monolayers 
of  copper  sulfide  ray  be  approximately 
calculated  from  the  relationship 


•w«  us  ,y*  .v. 


V 

>  IVu  S  * 


in  which  Nq  is  Avogadro’s  number  and 
is  the  molecular  weight  of  copper 
sulfide . 

This  relationship  is  obtained  from  the  assumption  that  the  linear  dimensions 
of  a  molecule  of  copper  sulfide  can  be  approximately  estimated,  considering  the 
form  of  the  molecule  as  cubic. 


Mass  Kqu5  of  copper  sulfide  in  principle  may  oe  determined  by  three  methods: 
l)  by  means  of  calculation  from  results  of  weighing  of  layer  of  copper  taking  into 
account  stoichiometrical  relationship  of  copper  and  sulfur  in  OuS  molecule;  2) 
by  means  of  calculation  from  results  of  determination  of  quantity  of  sulfur  on 
the  basis  of  measurement  of  activity  taking  into  account  stoichiometry,  and  3) 
direct  weighing  of  layer  of  sulfide  of  copper. 

Results  of  calculation  of  hQug  ^CuS  ^y  the  first  method  and  value  of 
^‘Cus/^Cu  rati0  are  Sivcn  ^n  the  tabic;  thickness  of  layer  of  copper  sulfide 
is  calculated  from  relationship  (l),  in  wnich  mass  of  copper  sulfide  is 
determined  by  the  second  method. 

The  ratio  may  be  calculated  taking  into  account  stoichiometrical 

relationships.  For  that  case 

~  cv-  2!*  ’. 

“u  <Vun  01  ••*’*  - 

From  Table  1  it  is  clear  that  the  h„  c/lw,  value  is  close  to  its  value 
obtained  on  the  basis  of  stoichiometrical  relation.  The  observed  small  divergence, 
apparently,  is  combined  on  the  or.e  hand  with  inevitable  experimental  err  cj  during 
determination  of  activity,  and  on  t.’r.e  other  har.a  with  inaccuracy  of  estir.aticn  of 
linear  dimensions  of  CuS  molecule. 

On  the  basis  of  data  obtained  during  the  study  of  the  reaction  of  elemental 
sulfur  in  hydrocarbon  medium  with  layers  of  copper  of  dixferent  thickness,  it 
follows  that  the  quantity  of  copper  sulfide  estimated  according  to  its  activity, 
is  proportional  to  the  thickness  of  the  layer.  Thickness  of  lay or  of  copper, 
estimated  by  weight  method,  will  agree  well  with  thickness  determined  with  respect 
to  activity  proportional  to  thickness  of  layer.  Thickness  of  layer  of  copper 
estimated  by  weight  method,  will  agree  well  with  thickness  determined  by  activity 
of  sulfur  reacting  with  copper,  which  allows  the  use  of  radioactive  tracers  by 
3  -radiali-r.  for  determination  of  thickness  of  films  of  metallic  coatings. 


Dote, ruination  of  thickness  of  layer  of  copper  sulfide  by  means  of  calculation  and 
on  the  basis  of  experimental  data  gives  satisfactorily  coinciding  results. 
Experimentally  determined  thickness  of  layers  of  copper  sulfide  turns  out  to  be 
approximately  3  times  more  than  thickness  of  layers  of  copper  itself,  which 
coincides  with  results  of  calculation  on  the  basis  of  stoichiometrical  relationship. 

In  [4,53  are  given  results  of  investigation  of  kinetics  of  reaction  at 
various  temperature?  of  tributyltrithiophosphite ,  marked  with  respect  to  S  and  P, 
with  metals  (steel  and  copper)  whose  surface  which  was  subjected  to  machining. 
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The  below-mentioned  results  are  obtained  during  the  study  of  kinetics  of 
reaction  of  tributyltrithiophosphite,  labled  by  S,  P,  and  C,  with  films  of  copper 
of  different  thickness,  obtained  by  evaporation  of  copper  in  a  vacuum.  In  all 
cases  concentration  of  addition  of  tributyltrithiophosphite  in  oil  constituted 
0.1  mole/l,  which  corresponded  to  1^  of  the  content  of  sulfur  in  oil. 

P.csults  of  investigation  of  kinetics  of  reaction  of  tributyltrithiophosphite, 
labled  by  sulfur  [  (C^H^S^)^],  at  a  temperature  of  120°  for  layers  of  copper  of 
different  thickness  from  200  to  300  A  are  shown  in  Fig.  3*  In  all  cases  activity 
estimated  according  to  quantity  sulfur  ccmbimable  with  1  csP  of  copper  surface. 


attains  maximum  during  the  first  5-10  minutes  and  slowly  drops  in  time,  not 
reaching,  however,  zero.  With  increase  of  thickness  of  layer  of  copper  the 
maximum  value  of  activity  increases. 


Fig.  3-  Dependence  of  quantity 
of  sulfur  tributyltrithio phosphite 
combined  with  copper,  on  time  for 
layers  of  different  thickness  (at 
constant  temperature). 

KEY:  (a)  Quantity  of  Kg -10°, 
g/cm2;  (b)  Time  r  ,  hours. 


Fig.  4.  Dependence  of 
quantity  of  phosphorus 
tributy! trithio phosphite , 
combined  with  copper,  on 
time  for  layers  of  different 
thickness  (at  constant 
temperature).  , 

KEY:  (a)  Quantity  Mc-10  , 
g/cm2;  (b)  Time  r  ,  £ourc. 


For  tributyltrithiophosphite  labled  by  phosphorus  [ (C^H^S)^P^2],  change  of 
activity  in  time  (Fig.  4)  carries  another  character;  there  is  observed  a  monotonic 
growth  of  activity  in  time,  and  with  increase  of  thickness  of  layer  of  copper 
increases  the  speed  of  change  of  activity. 

During  research  of  kinetics  of  reaction  of  tributyltrithiophosphite  labled 
by  carbon  ( (C^H^S)^P]  (synthesized  from  butyl  alcohol  with  copper 

(thickness  of  layer  400  a)  at  temperatures  from  50  to  130*,  it  was  revealed 
(Fig.  5)  that  increase  of  activity  increases  with  increase  of  temperature.  At 
all  temperatures  the  kinetic  curves  possess  maxima  of  activity.  Maximum  of 
activity  increases  with  increase  of  temperature  to  120°  and  at  a  higher  temperature 
drops.  Time  of  achievement  of  maximum  value  of  activity  sharply  decreases  with 
increase  of  temperature  within  limits  to  130°  and  constitutes  from  100-11C  minutes 


to  several  minutes.  For  tributyltrithiophosphite  labled  by  carbon,  with  increase 
of  thickness  of  layer  of  copper  (within  limits  to  1000  A)  maximum  of  activity  at 
a  given  temperature  increases  approximately  in  proportion  to  thickness  of  the 
layer  (Fig.  6).  Here  maximum  value  of  activity  is  attained  over  several  minutes. 


Fig.  5.  Dependence  of 
quantity  of  carbon  triiutyl 
trithiophosphite  on  time  at 
various  temperatures  (for  a 
layer  of  constant  thickness 


KEY:  (a)  Quantity  M^,*10°, 
g/ cm2;  (b)  Time  r  ,  hours. 


). 


Fig.  6.  Dependence  of 
quantity  of  carbon  tri¬ 
butyltrithiophosphite  on 
time  for  layers  of  various 
thickness  (at  constant 
temperature ) . 

KEY:  (a)  Quantity  K  -10®, 
g/cm^j  (b)  Time  t  ,  hours. 


In  Fig.  7  are  given  curves  characterizing  kinetics  of  reaction  with  copper 
of  sulfur,  phosphorus  and  carbon  in  a  molecule  of  tributyltrithiophosphite  in  the 
same  conditions  (temperature  120°,  thickness  of  layer  400  A).  From  this  graph 
it  is  clear  that  curves  characterizing  kinetics  of  reaction  of  tributyltrithio- 
phosphite  labeled  by  sulfur  and  carbon,  carry  an  analogous  character,  but  maximum 
valve  of  activity  measured  according  to  the  C^*,  is  higher  than  maximum  value  of 
activity  measured  according  to  the 

In  view  of  the  fact  that  on  all  three  curves  shown  in  Fig.  7,  there  are 
initial  sections  for  which  ;.Q,  one  may  assume  that  in  the  beginning  of  the 
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reaction  of  ir^butyltrithio  phosphite  with  copper  will  be  formed  a  compound  of 

i 

|  phosphorus  with  copper  and  a  sulfur  organic  compound,  from  the  character  of  the 
i  m  (J*  for  (C4H9S)3P32,  (C4«9s35)3p  and  ((^Hh^P  (in  the  two  last 
l  cooes  the  presence  of  maximum  and,  consequently,  presence  of  sections  for  which 
\  4,*  '•  **)  it  follows  that  on  surface  of  metal  will  be  formed  copper  phosphide, 

?  whose  thickness  of  continuously  grows  in  time,  and  a  chemically  unstable  sulfur 

| 

|  organic  compound  (apparently,  copper  mercaptide),  decomposed  in  time.  Thus,  it 
|  is  possible  to  consider  it  established  that  the  hydrocarbon  radical  of  the  addition 
1  participates  in  the  reaction  with  metal*. 

The  obtained  experimental  results  make  it  possible  to  express  the  following 
jusswmption  about  mention!  ran  of  reactions  taking  place  during  the  reaction  of  tri- 
butyltrlthio phosphite  with  copper  at  an  increased  temperature:  tributyltrithio- 
phssphite  can  be  decomposed ,  for  instance,  with  formation  or  phosphine  and 
mercaptan  by  the  reaction 

8(C4H9S)3P-  2PH3+9C4H9SH+15C4Ha+3P2S5 
wniogcw  to  the  reaction  considered  in  [93. 

The  mercaptan  which  is  formed,  reacting  with  copper  (or  with  copper  oxide), 
is  turned  into  copper  mercaptide  ((^H^Sj^u,  which  at  increased  temperature  can 
be  decomposed  with  formation  of  copper  sulfide,  butylene  and  hydrogen  sulfide  by 
tin  reaction 

(fyH^SjjCu-*  CuS+2C4H8+H2S. 

Simultaneously  with  copper  reacts  phosphine,  as  a  result  of  which  there  will 
m  formed  copper  phospkkae,  dor  instate  Cu^.  Consequently,  during  the  reaction 
of  tributyl phos phit  e  with  copper  can  be  formed  copper  phosphide,  copper  mercaptide, 
smtf  mapper  sulfide. 


the  indication  that  during  ft  iction  of  steel  surfaces  in 
1  the  presence  of  lubricating  oil  containing  a  thioorganic  addition,  on  the  surface 
|  of  the  metal  can  be  formed  iron  mercaptide. 


Is,  view  of  the  fact  that  activity  of 
surface  In  the  ease  of  continuously 

Increases  in  Use,  one  may  assure  that 
thickness  of  layer  of  copper  phosphide  is 
Increased.  At  the  sane  tine  for  (C^R^S^  )-jP 
and  (C^^HyS)^P  activity  of  surface  after 
achievesmot  of  narknun  drops:  in  the  first 
ease  not  to  sero,  but  in  the  second  — 
practically  to  zero.  Increase  of  activity 

brtyltrlthto^to^hite^"  of  “*»  i**  subsequent  -  decrease  In 

“£•*  phosftorue  end  carbon,  (^5)  ,  „„  *  by 

with  copper  In  the  sane  con-  '  Vy  3  ^  ' 

ditions  (at  constants  thick-  the  fact  that,  on  the  one  hand,  copper 
ness  of  layer  and  temperature ). 

U)  Ou-tity  R«.  p  c*10  ,  nercaptide  is  stored  and,  on  the  other  hand, 
g/emj  (b)  Tine  r  ,  hours. 

part  of  the  sniffer  of  the  copper  mercaptide 
according  to  the  above  equation  during  prolonged  heating  leaves  the  surface  of 
the  copper  in  the  fbm  of  hydrogen  sulfide  which  as  a  result  leads  to 

decrease  of  activity  to  a  level  corresponding  to  the  activity  of  the  formed  copper 
sulfide.  Analogously  the  kinetics  of  reaction  may  be  explained  in  the  case  of 
increase  of  activity  in  the  beginning  of  the  reaction  in  this  case 
is  explained  by  formation  of  (C^^H^S^Cu,  and  subsequent  decrease  —  by  de¬ 
composition  of  mereaptide  and  formation  of  butylene  (C^^Hg).  A  higher  value  of 
maximum  activity  measured  by  C^,  as  compared  to  value  of  maxim—  activity  measured 
tyg  1*  —plained  by  the  relatively  large  ooubmt  mf  carbon  in  the  (C^R^Sj^u 
ifltlch  fbr— ,  as  compared  to  content  of  sniffer  in  this -molecule  and  higher  specific 
activity  of  initial  preparation  of  (C^^H^S)^P  cymthemiaed  for  these  experiments 

-jc 

as  compared  to  specific  activity  of  tflth  fbrmation  of  butylene  and 


•Specific  activities  of  synthesized  preparations  were  equal  to  3  *08*  10? 
toxins  far  (C^H^s35)jP{  3.4D-106  inp /min  g  for  (C^HyS^pS*  and  3.75-108  imp/nin  g 
for  (C^**R^3P. 
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it*  removal  from  the  surface,  activity,  estimated  using  carbon,  gradually  decreases 
and  practically  turns  into  zero. 

This  presentation  about  reaction  mechanism  of  the  reaction  of  tributyl trithio- 
phosphite  with  copper  at  increased  temperature  will  agree  with  results  obtained 
in  the  work  of  P.  I.  Sanin  and  A.  V.  U1  'yanora  [9],  in  which  it  was  shown  that 
during  thermal  decomposition  of  tributylphosphite  and  tributyltrithiophosphite 
in  the  products  of  decomposition  phosphine,  hydrogen  sulfide,  and  butylene  are 
qualitatively  revealed.  During  thermal  decomposition  of  tributyltrithiophosphite 
(C^H^O)^F  in  the  presence  of  copper  phosphide  will  be  formed. 

It  is  necessary  to  note  that  reaction  mechanism  of  the  Interaction  of 
additions  of  the  type  of  phosphates  with  metals  still  requires  further  study. 


Conclusions 


1.  The  developed  method  of  studying  kinetics  of  the  interaction  of  elemental 
sulfur  in  hydrocarbon  medium  with  films  of  copper  using  radioactive  tracers, 
makes  it  possible  to  estimate  thickness  of  protective  layer  of  copper  sulfide. 

2.  Determination  of  thickness  of  layer  of  copper  sulfide  from  stoichiometrical 
considerations  and  on  the  basis  of  experimental  data  on  activity  gives  satis- 

V 

* 

t!  factorily  coinciding  results. 

3.  During  reaction  of  addition  of  tributyltrithiophosphite  (lab led  by  sulfur, 
phosphorus,  sjtJ  carbon)  with  copper  in  a  hydrocarbon  nediisa  there  are  formed 
sulfide,  phosphide,  and  copper  mercaptide.  Thus,  one  should  consider  that  the 
hydrocarbon  radical  of  the  addition  reacts  with  metal. 

4.  On  the  basis  of  studying  kinetics  of  interaction  of  tributyltritfeto- 
phoaphlte  (labled  by  sulfur,  phosphorus,  and  carbon)  with  copper  in  a  hydrocarbon 
median  the  assarpticr  is  expressed  about  decomposition  of  copper  mercaptide  at 
an  increased  temperature  with  yield  of  butylene  and  hydrogen  sulfide. 


355 


5.  The  presentation  about  mechanism  of  reaction  of  tributyltrithiophosphite 
with  copper  at  increased  temperature ,  presented  in  this  work,  will  agree  with 
results  obtained  during  the  study  of  t hemal  decomposition  of  tributyltrithio- 
phosphite. 
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ANTISCORING  ADDITIVES  TO  OILS  FOR  AUTOMOBILE  TRANSMISSIONS 
AND  MECHANISM  OF  THEIR  ACTION 

I.  E.  Vinogradov,  Yo.  I.  Petyakina  and  F.  Ya.  Shames 

VNII  HP* 

Due  to  a  shift  of  large  part  of  automobiles  to  hypoid  transmission,  and 
also  decrease  of  margin  of  safety  of  parts  and  boosting  of  operating  conditions 
of  transmissions  it  is  necessary  to  apply  widely  antiscoring  and  antiwear  additives 
to  transmission  oils. 

The  present  trend  is  creation  of  additives  effective  during  all  operating 
conditions  of  automobile  transmissions,  i.e.,  possessing  a  definite  universality; 
this  leads  to  necessity  of  use  of  complicated  compositions  of  different  substances 
[1;  4].  Principles  of  selection  of  these  compositions  will  be  clear  from  the 
following  text . 

For  lowering  of  friction  and  wear  are  applied* 

a)  saponified  fatty  oils,  fatty  acids  or  their  esters; 

b)  organic  compounds  of  sulfur  and  halides  (most  frequently  chlorine), 
organic  compounds  of  phosphorus  and  nitrogen; 

c)  different  compounds  of  metals  (plumbic  soaps,  oxidised  and  sulfurous 
compounds  of  molybdenum  and  tungsten,  compounds  of  zinc  and  others). 

*All-Union  Scientific  Research  Institute  for  Oil  and  Gas  Refining  and  the 
Production  of  Synthetic  Liquid  Fuol. 


All  the  enumerated  types  of  compounds  possess  the  ability  to  lower  friction 
and  wear  or  to  prevent  seising  of  surfaces,  but  in  a  different  degree,  depending 
on  their  chemical  activity,  adsorptive  properties,  and  on  physical  properties 
of  surface  layers  obtained  as  a  result  of  reaction  of  metal  with  lubricant. 

Additives  containing  fatty  acids  or  their  esters,  basically  are  antifriction; 
their  action  la  based  on  adsorptive  effect  of  polar-active  molecules.  Such 
additives  have  been  recently  used  as  one  of  the  components  of  an  additive  to  oils 
for  hypo  id  transmissions  for  the  purpose  of  stabilization  of  moment  of  friction 
In  mechanisms  of  interlocking  gears  of  differentials  lubricated  by  the  same  oils 
(2,  3). 

Additives  containing  organic  compounds  of  sulfur,  chlorine,  or  phosphorus, 
act,  entering  into  chemical  reaction  with  surface  of  metal  at  high  temperatures 
of  friction,  and  create  surface  layers  with  modified  physical  and  mechanical 
properties  [5-2] .  B>y  their  antiscoring  properties  these  additives  are  the  most 
effective,  however  sulfur-  and  chlorine-containing  additives  often  turn  out  to  be 
corroeively  aggressive;  the  difficulty  during  development  of  such  additives  is 
combining  maximum  antiscoring  properties  with  anticorrosive  properties. 

Additives  containing  metallic  derivatives,  with  the  exception  of  plumbic 
soaps  only  recently  have  begun  to  be  used  in  oils  for  heavily  loaded  gear 
transmissions;  the  mechanism  of  their  action  has  not  been  studied  at  all. 

In  VHIJ  NP  there  were  investigated  and  tested  certain  additives  of  the  second 
and  third  types,  presented  in  Tables  1,  2. 

Of  additives  containing  one  active  element,  the  highest  antiscoring  properties 
were  possessed  by  disulfides  and  polysulfidee  with  sulfur  in  the  chain:  dibonzyl- 
sulfide  and  xanthogenatea,  where  atoms  of  sulfur  in  middle  of  chains  are  divided 
by  CH2  group.  Eaterfied  compounds  of  this  type  (xantho)  are  significantly  less 
active  which,  in  the  opinion  of  the  authors  of  this  additive,  is  combined  with 
their  high  thermal  stability  [9]. 
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Sulphurized  vegetable  oils  and  animals  fats,  as  a  rule,  with  respect  to 
antiscoring  properties  yield  xanthogenates  and  sulphurized  aromatic  hydrocarbons, 
but  have  ability  essentially  to  lower  friction.  According  to  source  material 
they  also  possess  good  anticorrosive  properties  both  with  respect  to  nonferrous 
metals  and  also  to  steel  [10,  11]. 

The  majority  of  opinions  is  inclined  to  say  that  the  antiscoring  action  of 
additives  containing  sulfur  is  explained  by  formation  of  metal  sulfides  having  a 
lowered  durability  on  the  friction  surface,  [8,  12,  13].  This  promotes  easy 
destruction  cohesion  points.  Apparently  this  can  explain  why  in  a  number  of  cases 
strong  antiscoring  sulfuric  additives  give  increased  wear  during  moderate  operating 
conditions  of  surfaces. 

Of  a  number  of  additives  containing  chlorine,  the  most  active  are  the  lowest 
chlorinated  hydrocarbons,  then  compounds  with  chlorine  in  a  chain,  and  the  least 
active  are  compounds  with  chlorine  in  a  ring.  According  to  antiscoring  properties 
chloric  additives,  as  a  rule,  yield  sulfuric. 

A  drawback  of  chloric  additives  is  their  corrosive  aggressiveness,  especially 
in  combination  with  sulfuric  additives.  Corrosion  under  the  action  of  chloric 
additives  is  difficult  to  chow  by  the  existing  standard  method  of  corrosion  test 
(All-Union  Government  Standard  2917-45) •  This  method  of  testing  is  not  very 
useful  for  oils  with  additives  containing  compounds  of  chlorine,  since  in  this 
case  corrosion  of  steel  surfaces  appears,  as  a  rule,  only  after  condensation  of 
moisture  from  air  on  them.  Practically,  during  use  of  automobiles  this  occurs 
when  the  automobile  must  stand.  In  connection  with  this  we  used  the  Swiss  method 
of  testing,  which  showed  the  possibility  of  sufficiently  accurately  fixing  the 
boundaries  of  the  additives  and  giving  a  quantitative  evaluation  of  their 
|  corrosivity  [14].  In  this  method  steel  plates  are  first  kept  for  3  days  at  120* 
in  oil  with  the  tested  additives,  and  then  after  washing  in  a  solvent  they  are 
kept  7  days  in  an  atmosphere  of  humid  air  in  an  exsiccator.  Corrosion  is  determined 
by  increase  of  weight  of  plates  after  the  test,  which  should  not  exceed  5  g/a2. 


Tahla  1,  Characteristics  of  Experimental  Single-Component  Antiscoring 
Add It Ires  and  Results  of  Their  Tests  in  Oil  DS-1A 
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The  r\J  e  of  chloric  compounds  in  friction  consists  in  formation  of  films  of 
ir;ri  chloride,  which  can  appear  during  direct  Interaction  of  chloric  compounds 
wi^r.  metal  or  as  a  result  of  reaction  of  iron  with  the  hydrogen  chloride  appearing 
dcr-ing  decomposition  of  chlorine-derivatives  in  conditions  of  friction  [7,  15]. 

1st  the  second  ease  chloric  additives  are  especially  corrosively  aggressive. 

However,  it  is  possible  to  select  special  additives  which  protect  steel  from 
corrcrrlon  in  the  presence  of  chloric  component  of  additives.  Such  an  effective  - 
anticorrosive  additive  turned  out  to  be  the  additive  vnii  np-371,  a  product  of 
fbrcaldeh^de  condensation  of  barium  alkyl ph  ?nolate.  The  most  cheap  and  long-term 
chloric  additive  is  chlorinated  paraffin,  which  is  industrially  manufactured. 

^ingle-component  phosphorous  additive*  are  usually  esters  of  phosphorous  and 
phosphine  acids-  These  additives  insignificantly  increase  antiscoring  properties 
of  oils;  however,  they  promote  improvement  of  friction  conditions  of  surfaces  and 
in  a  number  of  cases  possess  anticorrosive  properties. 

Films  of  iron  phosphides  arp  ar  at  comparatively  low  temperatures  (near  200*), 
at  Which  there  occurs  decomposition  of  phosphorous  compounds  and  formation  of 
phospMn^,  reactive  with  respect  to  metal  [26].  The  ability  of  iron  phosphides 
to  etch  leads  to  a  significant  increase  of  actus'  are a  of  contact  in  conditions 
of  high  loads  which  determines  a  sharp  grasping  of  surfaces  with  a  great  deal  of 
deop  destruction  of  them  (6,  18]. 

Work  done  abroad  on  creation  of  universal  oils  for  hypoid  automobile  trans¬ 
missions,  equally  effective  both  in  conditions  of  high  torque  and  medium  speeds 
characteristic  for  trucks,  and  also  in  conditions  of  high  speeds  with  sharp  stock 
braking  characteristic  for  the  passenger  automobiles  in  big  cities,  showed  that 
in  tils  case  it  is  necessary  U3C  additives  containing  simultaneously  a  nuriber 
of  active  elements:  sulfur,  chlorine,  phosphorus,  nitrogen,  zinc,  lead,  or  other 
metaj In  this  case  the  content  of  additives  in  oil  reaches  sometimes  15^  [19]. 
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Especially  effective  in  antiscoring  properties  are  additives  containing 
simultaneously  sulfur  and  chlorine.  It  is  proven  that  in  this  case  sulfttr  not 
only  nets  independently,  bat  is  also  a  catalyst  in  the  formation  of  films  of  iron 
chlorides  during  friction  £71- 

lh  Fig.  1  is  shown  dependence  of  OPI  index  characterising  movement  of  curve 
of  dependence  of  spot  of  wear  from  load  (during  test  on  four-ball  machine*)  on  the 
eonoeutratlen  of  additives  of  sulfur  and  chlorine  in  oils  OS-14*  In  the  left  part 
of  the  dlagran  antiscoring  properties  of  oil  are  increased  due  to  increase  of 
concentration  of  chloric  component  (from  0  to  10£)  in  oil  (chloroparaffln, 
chlorinated  biphenyl  hexachloroethan).  In  the  right  part  of  the  diagram  is 
represented  dependence  of  OPI  index  on  concentration  of  sulfuric  additive 
(dibensyl-disulfide,  LZ-6/9),  changing  from  zero  to  10£  in  oil.  In  the  middle  of 
the  diagram  the  total  concentration  of  additive  remains  constant.  Content  of 
sulftar  and  chlorine  compcne-its  changes  so  that  with  decrease  of  one  the  quantity 

of  the  other  component  correspondingly  is  increased. 

Fhm  this  diagram  It  follows  that  an  increase  of  concentration  in  oil  of 

single-component  sulfur  and  chlorine  additives  over  5%  (left  and  right  side  of 
diagram)  little  effects  ant isco ring  properties.  The  antiscoring  properties  of 
chlo'-.Te  additives  are  worse  than  those  of  sulfur  additives  due  to  large  discon¬ 
tinuities  in  wear  of  spheres  during  seising  in  the  first  case  (Fig.  2).  Anti¬ 
scoring  activity  of  chlorine  additives  depends  not  only  on  chlorine  content  in 
them,  but  in  an  even  larger  degree  on  their  chemical  structure:  with  an  equal 
content  of  chlorine,  the  chlorinated  biphenyl,  where  chlorine  is  in  a  ring,  is 
signtficamtly  lower  with  respect  to  antiscoring  activity  than  chlorinated  paraffin. 
At  the  sar.c  tine  chlorinate  !  aliphatic  hydrocarbons  -  chlorinated  paraffin  and 
Iwunlilm  oethame,  —  are  elewrly  ear rl lent  with  respect  to  chlorine  content  in 

^Method  o:  test  according  to  All-Union  Government  Standard  9490-60. 
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molecule  (40?  Cl  and  90?  Cl),  And  are  distinguished  with  respect  to  antiscoring 
properties  only  ss  long  as  content  of  chlorine  in  oil  does  not  attain  2? .  With 
a  higher  chlorine  osntcnt  in  oil  hexac hie  roe thane  does  not  hare  advantages  with 
respect  to  antiscoring  properties  as  compared  to  chlorinated  paraffin. 
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Pig.  1.  Dependence  of  generalized  index  of  wear 
(OPI)  an  concentration  of  sulfur  and  chlorine 
additives  in  oil  DS-14. 


I)  chlorine  additives]  II)  sul fur-chlorine  additive; 

III)  sul  far  additives;  l)  chlorinated  biphenyl;  2) 
chlorinated  paraffin;  3)  hexachloroe thane;  4)  dibenzyl- 
disulfide;  5)  LZ-6/9;  6)  sulphurized  terpenes;  7)  di- 
bsssyidi sulfide  *  chlorinated  oarafTin;  8)  LZ-6/9  + 

♦  chlorinated  paraffin;  9)  LZ-6/9  +  chlorinated  biphenyl; 
10)  LZ-6/9  +  hexachloroethane;  11)  hexachloroethane  + 

+ -sulphurized  terpenes;  12)  chlorinated  paraffin 


sulphurized  terpenes. 

KET:  (a)  Chlorine;  (b)  Concept  •  :tion  of  additives,  ?; 
(e)  Sulfar;  (d)  OPI. 


Opon  Introduction  into  oil  of  sulfur  and  chlorine  components,  the  addition 
of  a  snail  quantity  of  sol  fur  additive  to  the  chlorine  component  sharply  increases 
antiscoring  properties  oT  the  oil  (middle  of  diagram  of  Fig.  l).  Kaxiascm  effect 
is  attained  approximately  with  a  ratio  of  70?  chlorine  component  and  30?  sulfur 
component  of  additive  and,  apparently,  almost  does  not  depend  on  concentration 
of  sulfur  in  sul  far  component  of  additive  (Fig.  3). 

On  the  basis  of  the  tmsults  obtained  it  is  possible  to  more  or  less  confidently 
recommend  a  ratio  of  sul  far  ard  chlorine  cor  portents  in  combined  additives.  In 
combination  with  anticorrosive  additive  vnii  np-371  combined  sulfur-chlorine  anti- 
scoring  additives  are  not  corrosively  aggressive  and  are  very  effective. 
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DS-14,  containing  sulfur  and  chlorine 
additives  in  5^  concentration. 

KET:  (a)  Diameter  of  spot  of  wear,  mu; 
(b)  Axial  load  kg. 


No. 

*  sample 

Additive 

Anti 

prop 

scoring 

erties 

OPI 

rK 

Pcb 

1 

Chlorinated  biphenyl.. 

40.8 

89 

224 

2 

LZ-6/9 . 

76.6 

112 

501 

3 

Chlorinated  paraffin.. 

58.2 

100 

316 

4 

Hexachloroethane . 

66. 0 

100 

355 

4 

Dibensyldisulfide . 

77.1 

89 

631 

Possessing  high  antiscoring  activity,  sulfur-chlorine  additives  at  the 
;  saw  time  cam  increase  wear  of  frlct  ~>n  surfaces  under  moderate  operating  conditions. 
Hherafbne,  improvement  of  antiscoring  additives  was  in  the  direction  of  development 
of  three-compcnent  sul fur-chlorine- phosphorous  additives.  Phosphorus  promoted  not 
only  lowering  of  friction  and  wear,  but  also  certain  a  impairment  of  antiscoring 
properties  as  compared  to  two-c opponent  sulfur-chlorine  additives. 

Very  effective  for  reducing  wear  of  surfaces  are  tin:  dlthlophosphates,  and, 
tm  pstlrsl  it,  additive  DP-11. 

Stellar  additives  in  combination  with  sulfur  and  chlorine  components  at 
present  are  applied  in  the  USSR  and  abroad  in  universal  oils  for  hypo  id  trans¬ 
missions.  A  valuable  property  of  zinc  dlthlophosphates,  besides  reducing  wear, 

a<;r> 


is  the  fact  that  they  do  not  lower  effectiveness  of  active  antiscoring  additive 
in  oils. 

The  VNII  HP  has  proposed  a  strong  additive,  containing  four  active  elements: 
sulfur,  chlorine,  phosphorus,  and  tine,  introduced  in  oil  in  1%  quantity.  The 
additive  has  also  good  antiwear  properties  and  is  obtained  from  accessible  raw 
material. 


Pig.  3.  Antiscoring  properties  of  oil  DS-14, 
containing  two-component  sulfur-chlorine 
additive. 

KEY:  (a)  Diameter  of  spot,  of  wear,  m;  (b) 
Axial  load,  R,  kg. 


Mo. 

sample 

Additive 

Antlscori 

5 

Designation 

Concen¬ 

tration, 

Jtrsfj 

prtle 

OPI 

Pg 

Pcb  ’ 

1 

Chlorinated  paraffin 

and  dibentyldi- 

7 

sulfide . 

96 

100 

79 4 

2 

Chlorinated  paraffin 

7 

and  LZ-6/9 . 

3 

9 4.8 

126 

631 

3 

Hexachlo  roe  thane  and 

7 

LZ-6/9 . 

3 

L08.8 

112 

794 

4 

Chlorinated  benxyl 

and  LZ-6/9 . 

7 

3 

64.2 

100 

398 

Pery  affective  are  additives  of  chloroaikylphosphine  acida  and  their  esters. 
The  additive  Chloreth-40  (butyl  aster  trichloromethyl  phosphine  acid)  shoved  itself 
sufficiently  effective  upon  addition  to  oil  in  2%  quantity.  It  is  possible  without 
doubt  to  recomead  it  for  wide  use  in  spiral-conical  autonobiles  transmission; 
however ,  as  yet  the  possibility  of  its  use  in  oils  for  hypoid  transmissions  remains 
•till  vague  due  to  its  instability  at  temperatures  higher  than  130°,  which  can  be 
developed  in  theve  conditions. 


Pig.  4.  Antiscoring  properties  of  oil  DS-14, 
camtalnlx£  compounds  of  molybdenum. 

KET:  (a)  Diameter  of  spot  of  wear,  am;  (b) 
Axial  load,  kg. 


Add it i 

.re 

i! 

Designation 

Concert-' 
t ration 
% 

OPI 

Q 

Pcb 

1 

_ 

37.5 

79 

158 

2 

Molybdenun  blue . 

•  • 

1.5 

3'5» 

56.1 

126 

282 

3 

IZ-6/9 . 

88.6 

158 

447 

4 

Holybdentss  blue......... 

Chlorinated  paraffin.... 

5'5| 

97 

158 

501 

5 

•  II 

•  #  •  e 

5 

58.2 

100 

316 

6 

ix-6/9 . 

3 

74 

100 

447 

7 

. 

10 

52  | 

89 

316 

3G7 


Sulfur-phosphorous  antiscoring  additives  are  simultaneously  anticorrosive 
and  Antioxidant;  however,  according  to  tests  on  four-ball  machine  of  additives 
5  P-2,  LZ-30,  vnii  up-353 »  and  EFO  they  yield  with  respect  to  antiscoring  properties 
sulfur-chlorine  and  chlorine- phosphorous  additives.  Nonetheless,  certain  data  of 
bench  tests  of  sulfur- phosphorous  additives  in  hypo  id  transmissions  shows  that 
they  are  effective  in  a  wide  range  of  operating  conditions  £193 -  Here,  probably, 
there  is  a  possible  non-correspondence  between  behavior  of  additives  on  friction 
machines  and  in  actual  gears,  or  structural  distinctions  between  additions,  since 
1*  is  found  that  the  biggest  effect  of  thio phosphoric  compounds  is  in  the  presence 
of  relatively  low  mobile  phosphorous  and  high-mobile  sulfur  [5,  20]. 

Additions  containing  metallic  derivatives,  apparently,  act  by  various  means, 
depending  on  character  of  these  compounds. 

Pltabic  soaps  are  applied  in  oils  in  combination  with  active  av'far  and  are 
effective  for  running  in  of  surfaces  of  gear  teeth  in  tM  first  period  cf 
operation.  Action  of  these  additives  is  based  on  the  reaction  between  the  film 
of  plumbic  soaps  adsorbed  on  tK  surfaces,  sulfur  and  oxygen,  leading  to  formation 
of  lead  sulfate,  which  during  further  thermal  effect  changes  into  lead  sulfide. 
Lowering  of  friction  is  obliged  by  formation  of  eutectic  alloys  FeS  and  PbS  with 
a  reduced  melting  point  (970*)  (21]. 

The  additive  molybdema  blue,  consisting  of  a  complex  oxidised  form  of 
compounds  of  molybdenum  is  of  interest  According  to  available  assumption  [20], 
additions  of  this  type  can  act  only  in  the  presence  of  a  sulfur  component;  under 
the  action  of  temperatures  on  friction  surfaces  there  occurs  decomposition  of  the 
complex  compound  of  molybdenum  blue  and  molybdemmi  disulfide  will  be  formed,  ensuring 
an  easy  shift  of  shells  between  atoms  of  sulfur. 

Meanwhile  tests  of  molybdenum  blue  and  oolybdeniun  disulfide  in  oil  DS-14 
showed  that  molybdenum  blue  in  pure  form  is  a  stronger  antiscoring  additive  than 
Mo S-».  Molybrienw  blue  in  combination  with  chlorinated  paraffin  possess  higher 


antiscoring  properties  than  in  combination  with  sulfuric  addition  L2-6/9  (Fig.  4). 

1  Investigation  of  electron  diffractions,  conducted  b y  the  VNII  UP  Jointly  with 

A 

‘  miXhlMKASh  [Scientific  Research  Institute  of  Chemical  Machinery],  showed  that 

t  lines  characteristic  for  molybdenum  disulfide  are  absent  in  the  diffraction  pattern 

1 

f  after  test  of  nolybdemn  blue  with  LZ-6/9,  but  are  revealed  on  surfaces  after  tests 

s 

1  of  oil  with  additive  MoS, .  This  indicates  that  mechanism  of  action  of  molybdenum 
|  blue  is  different  than  action  of  molybdenum  disulfide. 

t 

I  A  qualitative  reaction  to  an  ion  of  molybdenum  and  to  sulfide  after  teat  of 

|  friction  surfaces  shows  that  in  the  presence  of  a  sulfur  addition  the  reaction  to 

Imolybdemmi  weakens,  and  in  the  presence  of  molybdemm  blue  the  reaction  to  sulfur 
is  strengthened.  This  indicates  catalytieal  action  of  complicated  oxidised 

| 

I  complexes  of  molybdenum,  strengthening  the  reactivity  of  sulfur  compounds. 

1  Apparently,  complex  oxidised  form  of  molybdenua  compound  with  variable  valence 
j  possesses  high  surface  activity  and  reactivity  with  second  active  element  of 
’  additive.  High  surface  activity  ensures  Independent  effect  of  additive  of 
molybdenum  blue,  simultaneously  reacting  with  sulfur  and  chlorine  with  formation 
of  compounds  various  according  to  character.  Such  reactive  films  strongly  Increase 
antiscoring  properties  of  surfaces. 

T^e  problem  of  creation  of  high-quality  oils  for  automobile  transmissions  is 

| 

rather  complicated.  Besides  the  basic  requirement  of  high  antiscoring  properties, 
additives  in  oil  have  to  be  selected  in  such  a  manner  that  they  do  not  cause  in¬ 
creased  wear  of  surfaces  during  moderate  conditions  of  friction  and  corrosion  of 
metallic  surfaces;  they  have  to  be  dissolved  in  oil  and  to  be  stable  in  solution; 
:hey  should  not  decompose  in  oil  under  the  influence  of  increased  temperatures  and 
only  by  temperature-selective  means  in  local  points  -  on  micro-contacts;  last, 
they  should  not  worsen  the  remaining  physico-chemical  properties  of  oils. 
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IXFLUHKE  Of  C^mSST  OF  OIL  OXIDATION  ON  ANTICORROSIVE 

trymmraass  of  additives  containing  various 

FUNCTIONAL  CROUPS 

ft.  S.  Ranayya  and  R.  Kh.  Sil*« 

■AW* 

Corrosive  aggressiveness  of  notor  oils  and  anticorrosive  effectiveness  of 
additives  to  the*  in  the  USSR  are  estlnated  according  to  loss  of  weight  of  lead 
plates  in  oil  subjected  to  oxidation  by  oxygen.  In  these  Methods  the  catalyst 
of  oil  oxidation  Is  not  applied;  rear  while  in  conditions  of  work  of  internal- 
combustion  engine  ic  oil,  various  netals  capable  of  calalytically  affecting 
oxidation  of  oil  are  present  or  are  in  contact  with  it.  Furthermore,  additives 
applied  in  notor  oils  cental n  components  having  both  a  negative,  and  also  positive 
ca+alytlcal  action  on  oxidation  of  oil.  Netallic  catalysts  can  react  with  these 
components  just  as  with  the  natural  oxidation  inhibitors  assisting  in  notor  oils 
which  affects  corrosive  properties  of  oils  with  additives.  The  present  investi¬ 
gation  was  conducted  for  the  purpose  of  obtaining  certain  information  on  these 
questions.  There  were  ns  attempts  to  reproduce  catalysts  which  are  in  the  so  tor 
as  was  done  by  other  authors. 

Experiments  were  osmdneted  in  a  DK-2  RANI  instraent  at  140*  with  standard 
lead  plates.  In  order  to  obtain  an  idea  about  progress  of  oorrosion  with  respect 

estate  '  on  *Qrder  of  Labor  Red  Banner"  Automobile  and  Automobile 

ftnglne  Scie  -  Research  Institute. 


to  time,  plates  were  weighed  during  the  test  through  various  intervals  of  tine. 

In  fig.  1  are  given  results  of  investigation  of  the  influence  of  five 
catalysts  —  copper  stearate,  iron  oleate,  cobalt  napfctteaate,  copper-iron,  and 
ooppe ’"-cobalt  ca  corrosion  of  lead  in  two  typical  base  oils  (NKZ).  Oil  DS-fl 
fros  sulfur  oils  in  the  absence  of  a  catalyst  la  little  aggreslve  as  eoapared  to 
industrial  oil  50;  its  corrosion  is  7  g/m2  against  90  g/wfi  for  industrial  oil  50 
after  a  25-hour  test.  Such  a  difference  in  corrosivity  of  two  oils  having  almost 
identical  viscosity  is  explained  by  presence  in  oil  OS-0  of  a  wore  effective 
natural  inhibitor  of  oxidation.  In  the  presence  of  a  catalyst  of  oxidation  this 
difference  practically  disappears  which  one  nay  clearly  see  during  application  of 
catalyst  of  a  copper  stearate  (curves  2  and  6,  fig.  l).  After  a  25  hour  of  test 
with  catalyst  copper  stearate  (0.02JC)  in  both  samples  of  oils  corrosion  was  equal 
to  185  g/m  •,  this  indicates,  in  all  probability,  that  the  catalyst  poisons  the 
natural  inhibitors  of  oxidation  and  that  hydrocarbons  of  these  two  oils,  obtained 
tram  various  oils,  are  oxidized, therefore,  in  identical  degree. 

To  check  the  assumption  about  presence  in  oils  from  swifter  oils  of  compounds 
effective  as  inhibitors  of  oxidation,  separate  experiments  were  conducted,  whose 
remits  graphically  are  depicted  in  fig.  2. 

Oil  the  figure  curve  1  pertains  to  oil  frou  sulfter  oils  (AS-9.5),  and  curve  2 
to  industrial  oil  50;  In  both  cases  to  the  oil  is  added  olein  acid  In  a  concen¬ 
tration  of  1  milligram  KOH/g  oil.  For  50  minutes  of  the  experiment  the  magnitudes 
of  corrosion  in  both  oils  are  practically  identical.  The  small  difference  ob- 
is  the  result  of  differences  of  viscosity  of  thaos  oils.  Consequently, 
under  conditions,  practically  excluding  oxidation  of  oil,  ifdrtblting  compounds  in 
mils  from  sulfur  oils  do  not  affect  corrosion.  On  the  awe  figure  are  given 
results  of  30-miiwtc  experiments  with  samples  of  oil  AS-9.5  (KZ),  containing 
different  concentrations  of  olein  acid  in  the  presence  of  a  catalyst  (copper 
stearate)  and  without  it.  In  the  absence  of  oxidation,  influence  of  copper 
Stearate  also  is  not-  observed. 
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Fig.  1.  Influence  of  catalysts  of  oxidation: 
salts  of  copper,  iron,  cobalt  on  corrosion  of 
•  lead  in  industrial  oils  50  and  DS-8. 

l)  industrial  oil  50  without  catalyst;  indus¬ 
trial  oil  50  ♦  additive:  2)  corper  stearate 
(0.02*);  3)  iron  oleate  (0.02*);  U)  cobalt 
naphthenate  (0.02*);  5)  copper  stearate  (0.01*)  + 

+  iron  oleate  (0.01*);  6)  copper  stearate 
(0.0X*)  +  cobalt  naphthenate  (0.01*);  7)  oil 
DS-8  without  addition;  oil  DS-8  +  additive;  8) 
cooper  stearate  (0.02*);  9)  iron  oleate  (0.02*); 

10)  cobalt  u.phthenate  (0.02*);  ll)  copper 
stearate  (0.C1*)  +  iron  oleate  (0.01*);  12)  copper 
stearate  (0.01*)  +  cobalt  naphthenate  (0.01*). 

KKY:  (a)  Industrial  oil;  (b)  Tir.e,  hours;  (c) 

DS-8. 

Thus,  data  shown  in  Figs.  1  and  2  show  that  the  low  corrosive  aggressiveness 
of  oV’s  from  sulfur  oils  is  the  result  of  the  presence  in  them  of  compounds  which 
are  natural  inhibitors  of  oxidation,  and  that  metallic  catalysts  of  oxidation 
almost  completely  destroy  action  of  compounds,  the  antioxidant  and  anticorrosive 
action  of  which  is  not  combined  with  formation  of  protective  film  on  metal. 

Also  it  is  clear  that  with  application  of  a  metallic  catalyst  it  is  possible 
to  significantly  reduce  the  time  of  testing  oils  on  corrosivity.  In  Table  1  are 
given  results  of  10- hour  tests  of  two  samples  of  Baku  oils  and  two  samples  of 
eastern  oils  with  various  additives  without  catalyst  and  in  the  presence  of  the 
cata^yat  of  copper  stearate  (0.02*).  Data  of  this  table  show  that  in  the  presence 
in  oil  of  ah  anticorrosive  additive  the  catalyst  can  significantly  strengthen 
con-uaion  after  10  hours  of  tests.  Such  additives  as  aznii-5,  in  which  anti¬ 
corrosive  action  is  attained  by  introduction  of  elemental  sulftir,  and  also  additives 
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Pig.  2.  Results  of  experiments  on 
eorrosion  in  the  absence  of  oxidation. 

Catalyst  is  copper  stearate. 

1)  oil  AS-j 9.5  (NKZ)  without  catalyst* 

♦  olein  acid  (l  milligram  KOH/g);  2  ) 
industrial  oil  50  +  olein  acid  (l  milli¬ 
gram  KOH/g);  3)  curve  obtained  with 
constant  time  (30  minutes);  —  AS-9.5 
(NKZ)  without  catalyst;  AS-9.5  (NKZ) 
with  catalyst  (0.025»). 

KEY:  (a)  Corrosion,  g/m  r;  (b)  Olein, 
acid,  milligram  KOh/g;  (c)  Time,  minutes. 

Table  1.  Influence  of  Catalyst  Copper  Stearate  (0.02^)  on  Corrosion 

of  Lead  in  Oil  with  Additives 


Corrosion  of  indus¬ 
trial  oil  50  (Baku), 

Corrosion  of  oil 
AK-10  (Baku), 
g/m2 

Corrosion  of 
oil  AS-9.5 
(NKZ), g/m2 

Corrosion 
of  oil 

DS-11  (NKZ) 
g/B  _ 

Additive 

(y%) 

*3 

►> 

r-i 

4 

4 

4 

o 

4 

9 

2 

4 

* 

4 

1 

V 

♦> 

3c 

Equivalent  hours 

3 

4 

4 

o 

*3 

9 

2 

■H 

With  catalyst 

Equivalent  hours 

Without  catalyst 

With  catalyst 

Equivalent  hours 

*3 

£. 

«H 

4 

4> 

4 

' 

P 

P 

fH 

* 

p 

1 

4 

4 

O 

JZ 

■*3 

* 

Equivalent  hours 

Without  additive.. 

55 

120 

5.2 

1.7 

\ 

96 

7.9 

2.7 

17 

0.6 

k? 

97 

3.8 

Tsiatlm-339* . 

9.0 

58 

6.0 

16 

82 

5.5 

5.5 

45 

6.2 

6.6 

55 

6 

Asnii-7* . 

0.3 

50 

3.0 

0.8 

38 

4.0 

10.0 

31 

1—2 

D.2 

29 

2 

Aznii-5 . 

11.0 

uo 

2.0 

'  46 

76 

8.0 

1.6 

56 

4.0 

9.6 

69 

5 

Aznii-6 . 

0.3 

85 

1.0 

5.0 

43 

5.0 

0.1 

58 

2-3 

0.0 

60 

2 

0.7 

1.6 

0.8 

10 

6.0 

0.8 

gJ|J 

2.0 

_-T 

DP-1 . 

40.2 

0.6 

— 

0.1 

0.7 

6.0 

0.1 

3M 

-3 

3g 

0.3 

— 

*Ed.  Note:  Tsiatia  Central  Scientific  Research  Institute  of  Aviation  Fuels 
and  Lubricants;  Aznii  =>  Az^Aaydzhan  Scientific  Research  Institute.  The  Additives 
are  named  for  the  research  institutes. 
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tsi-.wi2-339  and  aznii-7,  in  which,  in  all  probability,  the  anticorrosive  component 
as  the  disulfide  group,  during  the  10  hours  of  the  test  almost  completely  lose 
Lh>jir  effectiveness. 

A  catalyst  little  affects  effectiveness  of  additive  Paranox-56,  and  the 
additive  DF-1,  containing  the  thiophosphoric  functional  group,  actually  does  not 
yield  to  influence  of  a  catalyst.  The  equivalent  time  (in  hours)  in  Table  1  is 
the  sine  necessary  for  obtaining  in  the  presence  of  a  catalyst  the  degrees  of 
corrosion  equal  to  corrosion  after  10  hours  of  testing  in  the  absence  of  a  catalyst. 
It  is  significantly  different  for  oils  of  various  origin  and  oils  containing 
various  additives.  It  seems  to  us  that  clarification  of  anticorrosive  effectiveness 
of  additives  in  the  presence  of  a  catalyst  under  conditions  of  a  sufficiently 
lengthy  time  of  oxidation  is  a  question  in  principle  more  important  than  reduction 
of  time  of  standard  tests. 

In  Table  2  are  given  results  of  25-hour  tests  of  oils  with  thiophosphoric 
additives  in  the  presence  of  the  catalyst  copper  stearate  (0.02%).  Additives 
DF-1  and  Barthiol*  are  barium  salts,  but  DF-11,  Lubrisol-1060  and  Zinthiol*  are 
zinc  salts  of  thiophosphoric  acid.  The  additive  Gintset*  is  a  mixture  of  dithio- 
phc-.rn.to  of  zinc  with  sulfonates  of  calcium  and  barium;  additive  vnii  np-360  is 
a  mixture  of  dithiophosphate  of  zinc  with  barium  allylphenolate .  In  industrial 
oil  50  all  these  additives  almost  completely  inhibit  corrosion.  Even  additive 
Gintset  in  this  oil  after  25  hours  gives  a  corrosion  of  7  g/n^,  which  is  40  time3 
less  than  in  oil  without  additive.  In  sulfur  oil  DS-11  (NKZ)  after  25  hours  these 
additives  arc  somewhat  less  effective  than  in  industrial  oil  50,  but  their 
effectiveness  is  sufficiently  great,  since  they  decrease  corrosion  from  25  to  100 
times.  This  once  again  shows  that  in  the  presence  of  a  catalyst  of  oil  oxidation 
from  sulfur  oils  in  corrosivity  there  are  no  advantages  over  oils  from  low-sulfur 
oils. 

'"Additives  Barthiol,  Zinthiol  obtained  from  the  Czechoslovakian  Republic; 

Gintset  —  from  the  German  Democratic  Republic. 

3% 


Table  2.  Anticorrosive  Effectiveness  of  Thiophosphoric 
Additives  in  the  Presence  of  Copper 
Stearate 


Additive 


Corrosion  of 
industrial  oil 

50 

Corrosion  of  oil  DS-11 
(KKZ),  g/m2 

10  hours 

25  hours 

10  hours 

25  hours 

140 

270 

97 

206 

0.2 

0.4 

— 

— 

0.0 

3.6 

0.2 

1.2 

0.7 

8.2 

-*0.7 

+0.5 

— 

— 

-*0.7 

-*0.1 

0.7 

5.4 

0.8 

2.2 

— 

— 

0.1 

7,0 

0.5 

1.8 

0.3 

1.6 

0.6 

178 

AS-9-5  (NKZ) 

7.0 

245 

iVnii  nrv-350  (IS) 

70 

214 

■Vnii  npr.354  (IS) 

-*0.4 

3.5 

Without  additive.... 

DP-1  (3%) . 

DP-1  (5S) . 

Barthiol  (3*) . 

Lubrisol-1060  ( 0.7 %) 

Zinthiol  (3S) . 

DF-11  (2S) . 

Gintset  (5S) . 

Tail  np-360*  (5*)... 


Without  additive. 


♦Ed.  Rote:  Vnii  np  =  All-Union  Scientific  Research  Institute  of  the  Petroleum 
Industry.  The  additive  is  named  after  the  research  institute. 

In  oil  DS-11  with  additive  vnii  np-3&G  and  with  catalyst  after  10  hours  of 

testing  corrosion  was  not  observed,  but  after  25  hours  corrosion  constituted 
2 

178  feyfii  .  This  is  the  result  of  the  presence  in  this  additive  of  a  large  quantity 
of  barium  alkyl pheno late  (vnii  np~350),  which  is  clear  from  results  (placed  at 
the  end  of  Table  2)  of  test  of  sulfur  oil  (AS-9.5)  with  separate  components  of 
this  additive.  The  thiophosphoric  component  of  the  additive  (vnii  np-354),  taken 
separately,  eveu  in  a  concentration  of  lS,  practically  completely  protects  lead 
from  corrosion  during  25  hours  of  testing. 

In  fig.  3  curves  3»  4  Illustrate  influence  of  barlta  alkylpheoolate  (vnii 
up-350)  on  corrosion  of  lead  without  a  catalyst  and  with  one.  In  the  absence  of 
a  catalyst  for  11  hours  the  addition  barium  alkylphenolate  completely  stopped 
corrosion  as  compared  to  oil  without  additive  (curves  1  and  3).  Anticorrosive 


effectiveness  of  bariun  alkylphenolate  in  the  first  hours  of  the  test,  obviously, 
is  result  of  its  neutralizing  property. 

The  alkyl  phenol  liberated  here, 

in  all  probability,  turns  out  to  be 

corrosively  aggressive.  In  all  these 

experiments  all  additives  were  taken 

in  a  1%  quantity. 

In  the  presence  of  a  large 

quantity  of  barium  alkyl pheno late  in 

the  oil,  the  alkylphenol  liberated  in 

Fig.  3.  Influence  of  catalyst  —  the  process  of  oxidation  of  oil  can 
copper  stearate  (0.02£)  —  on 

corrosion  of  lead  in  oil  AS-9.5  turn  out  to  be  sufficiently  corrosively 

(NKZ)  with  additives. 

1)  oil  without  additive  and  without  aggressive  to  counteract  even  the 
catalyst;  2)  oil  without  additive  + 

+•  catalyst;  oil  AS-9.5  +  additive;  influence  of  effective  thiophosphoric 

3)  vnii  np-350  (l£)  without  catalyst; 

4)  vnii  np-350  (it)  +  catalyst;  5)  components  of  the  additive.  The  high 
vnii  np-36l  (it)  without  catalyst; 

6)  vnii  np-36l  (it)  +  catalyst.  anticorrosive  effectiveness  of  thio- 

KEI:  (a)  Corrosion  g/m2;  (b)  Tine, 

hours.  phosphoric  components  of  additives 

vnii  np-360  and  361  (vnii  np-364  and 
vnii  np-353)  is  conspicuous  from  the 
following  data. 

After  25  hours  of  testing  oil  with  additive  vnii  np-353  in  a  it  quantity 
gave  a  corrosion  of  4.8  g/m^;  with  additive  vnii  np-353  +  catalyst  1.5  g/rn^j  with 
adMItlve  vnii  np-354  7.4  g/m*  and  with  additive  vnii  np-354  +  catalyst  (0.02t) 

2.8  g/m.  It  is  remarkable  that  these  components  are  more  effective  in  the 
presence  of  a  catalyst  than  without  one.  This  phenomenon  is  frequently  observed 
with  thiophosphoric  additives  during  their  application  in  pure  form. 
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Fig.  4.  Influence  of  catalyst 
—  copper  stearate  (0.02^)  on 
corrosion  of  lead  in  industrial 
oil  50  with  sulfonate  additives. 
1)  oil  without  additive  and 
without  catalyst;  2)  oil  without 
additive  +  catalyst;  industrial 
oil  50  +  additive;  3)  barium 
sulfonate  (component  aznii-5; 
ash  1.5^)  without  catalyst;  4) 
barium  sulfonate  (component 
aznii-5 )  +  catalyst;  5)  SB-3 
(ash  1.5/J)  +  catalyst. 

KEY:  (a)  Corrosion,  g/m2  j  (b) 
Tine,  hours. 


For  an  example  of  additives  SB-3 
and  component  of  additives  aznii-5 
(barium)  in  industrial  oil  50  (Fig.  4) 
is  illustrated  the  behavior  of  sulfonate 
additives  with  respect  to  corrosion  of 
lead  in  oil.  Low-ash  barium  sulfonate  — 
component  of  aznii-5  (curve  3)  completely 
inhibits  corrosion  in  industrial  oil  50 
over  6  hours,  but  after  that  period  in 
its  presence  corrosion  progresses  at  a 
higher  rate  than  in  industrial  oil  50 
without  additive  (curve  l).  High-ash 
sulfonate  SB-3  in  the  absence  of  a 
catalyst  inhibits  corrosion  over  25  hours 
(l  g/m2),  but  after  additive  of  catalyst 
this  sulfonate  protects  lead  only  over 
5-6  hours.  After  that  period  corrosion 


in  industrial  oil  50  from  this  additive  proceeds  at  a  faster  rate  than  in  oil 
without  additive.  Path  of  curves  for  oils  with  both  sulfonate  additives  shows 
that  they  can  be  anticorrosive  only  due  to  the  presence  in  them  of  excess 
alkalinity,  but  actual  neutral  sulfonates,  apparently,  are  corrosional-aggressive 
with  respect  to  lead  ratio. 


Conclusions 


1.  Organic  salts  of  metals:  copper,  iron  and  cobalt  as  a  result  of 
catalytical  action  on  oxidation  of  oil,  accelerate  corrosion  of  lead  in  oils. 

2.  In  the  presence  of  a  catalyst  of  oxidation,  oils  from  sulfur-bearing  oils 
containing  natural  inhibitors  of  oxidation,  with  respect  to  their  corrosive 


aggressiveness  approach  low- sol  fur  oils  flron  Baku  oils. 

3.  Additives  containing  as  anticorrosive  component  compounds  obtained  by 
direct  treatment  of  oil  products  of  elemental  sulfur  or  compounds  of  the  di¬ 
sulfides  type  are  not  very  effective  in  the  presence  of  a  catalyst.  The  thio- 
phosphoric  group  in  an  additive  is  highly  effective  and  protects  lead  from 
corrosion  over  a  prolonged  time  both  in  the  presence  of  a  catalyst  of  oxidation 
and  also  without  one. 
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MECHANISM  OF  ACTION  AND  EFFECTIVENESS  OF  ADDITIVES 
INCREASING  LUBRICATING  ABILITY 


G.  I,  Fuks 
NIIcha~orom* 


Friction  /rd  Lubricating  Ability  cf  Oils 

It  is  obvious  that  opinions  on  mechanism  of  action  cf  additives  have  to  result 
from  physical  ana  chemical  presentations  about  phenomena  regulated  by  additives. 
This  in  full  measure  pertains  to  additives  increasing  lubricating  ability.  Known 
cifficulties  and  inconsistencies  ir.  treatment  of  their  actions  are  combine-  v.dth 
a.equal  role  of  lubricating  oil  ur.ee r  different  conditions  of  friction.  Consid¬ 
eration  of  regularities  of  lubricating  action  of  oils  is  simplified  if  one 
separates  types  of  friction  proceeding  from  thickness  of  layer  of  oil  in  gap 
between  surf-ces  of  connected  parts.  By  this  criterion  are  distinguished  three 
basic  cases:  1)  thickness  of  layer  exceeds  0.4-0.6m;  2)  thickness  of  layer 
<C.3-0.4m»  3)  thickness  of  layer  equals  zero  (oil  was  not  kept  on  effective  surface 
of  friction). 

In  the  first  case  friction  is  determined  by  viscosity  of  oil  (hydrodynamic 
cr  liquid  conditions  of  lubricant).  Equilibrium  thickness  of  butyric  layer  is  a 


aent-fic  Research  lr.se -a ute  cf  the  Watch  Industry. 


fur.  c~  ion  of  external  factors  (speed  of  shift,  pressure,  and.  so  forth)  and  does 
r.-.t,  depend  on  properties  of  ill.  Lubricating  ability  and,  correspondingly, 

^o^itivcs  affecting  it,  do  not  have  practical  value. 

«• 

Lubricating  ability  of  oils  in  full  measure  appears  in  the  second  case. 

Analysis  of  a  number  of  investigations  leads  to  the  conclusion  Cl,  2]  that  lubri¬ 
cating  ability  is  a  surface  property  of  liquids,  thanks  to  which  they  lower 
resistance  to  mutual  shift  of  contacting  solid  bodies  and  simultaneously  prevent 
approach  of  these  bodies.  Simultaneous  development  of  both  effects  is  an 
obligatory  condition,  since  existence  of  only  one  of  them  cannot  be  considered  as 
lubricating  ability.  If  ve  artificially  maintain  a  gap  between  parts  of  around 
then  resistance  to  their  shift  in  benzine  will  be  lower  than  in  best  oils; 
on  the  other  hand,  elistoplastic  films  of  polymers  shew  a  significantly  higher 
resistance  to  approach  of  parts  than  oil,  but  they  may  cause  an  exceptionally 
high  resistance  to  shift.  In  the  considered  case  lubricating  ability  of  oils 
essentially  influence  both  static  and  also  kinetic  friction,  but  in  kinetic 
conditions  the  effect  is  complicated  by  accompanying  influences:  deformation, 
dynamic,  temperature. 

hot  going  into  a  detailed  discussion  c:'  nature  of  lubricating  ability 
(for  different  opinions  on  this  question,  see  [i-lC]),  let  us  note  that  this 
property  is  caused  by  adsorption  and  orientation  of  linear  molecules  of  surface 
active  materials  almost  perpendicular  to  the  surface  of  the  solid  boay.  In 
literature  there  are  no  conventional  ideas  about  the  distance  to  which  the 
orienting  action  of  the  surface  spreads,  ard; thereby, about  thickness  of  layer  of 
oil  determining  its  lubricating  ability,  and  about  character  of  adsorptive 
interaction  of  molecules  of  oil  with  solid  body.  Bouden  and  his  school  [4]  and 
certain  other  authors  consider  that  the  effect  wholly  or  almost  wholly  is  determined 
by  u  monomolecuiar  layer.  This  point  of  view  is  in  accordance  with  the  known 
experiment  of  Langmuir  [11]  on  measurement  of  coefficient  of  friction  of  glass 


bf  a  wwaolceolar  layer  of  fatty  acid.  On  the  other  hand,  direct  X-ray 


electron  diffraction  investigations  [12,  13] 


spreads  to  a  depth  of 


IgrB.  T«  Deryagin  (3]»  A.  S.  Akhnatov  [5]  and  certain 
1  of  tribonetry  and  solecular  physics  lead  to  the  sane 


(1,  2,  14]  alto 


that  orientation 


•f  nolocular  layers.  Tnsestlgat  lone 


author ■  by 


that  the  boundary  layer  of  oil  is 


pslpenlorsler,  and  revealed  certain  factors  def  mining  its 


and  durability. 


sill  be  given  further  proofs  of  poljraolecularity  of  the  boundary 


It  is  inpoasible.not  to  note  an  essential  distinction  between  first  layer 

ilecnles,  directly  conbined  with  surface  of  solid  body,  and  subsequent 


nolocnles  of  boundary  layer. 

first,  the  bonding  energy  of 


locular  layer  with 


of  solid  body 


if 


not  only  considerably  highs^than  for  any  subsequent  layer  of  nolocnles,  but, 
one  were  to  Judge  by  certain  indirect  data  (for  a  discussion  of  this  question 
ns— rtlon  with  hydration,  see  [1$]),  It  is  significantly  larger  than  for  all 
1  ruining  part  of  the  boundary  layer.  Am  this  it  follows  that  the  coefficient 
friction  with  a  noncoolecular  lubricant  rtunilrl  bo  Mgher  than  with  a  poiynolecular 


,  the  nature  of  the  interaction  of  nolocnles  in 


layer  nay  be 


unequal.  It  har  been  proven  [4,  6]  that  In  a  maber  of  cares  the  first  layer  of 
surfaco  active  nolocnles  of  oil  ehenically  interacts  vith  netaln  (caeninorptlon). 


;  for 


,  fatty  acids 


of  the  fallowing  layers  carries  a  physical 


do  not  give  a  basis  fcr  !ividiag  the 


In  all 


there  exists  sufficient 


of  solid  bodies  with  nonoesolecular  layer  of 


than  of 


that 


polar 


(halo- 


organic  cospounda,  esters,  nitre  derivative  cyanides  [16],  fatty  aciis  [1?] 
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CLr‘  have  the  nature  of  physical  adsorption.  A  hydrogen  bond,  which  also  plays 
an  important  role,  appears  between  carboxyl  groups  of  acids  inside  the  boundary 
layer  and  among  these  groups  and  such  solid  bodies  as  silicate  glass  and  quartz. 

Last,  orientation  of  molecules 
of  first  layer  is  stabler  than  subse¬ 
quent  layers,  where  disorientation 
characteristic  for  volume  of  oil 
gradually  grows.  Longitudinal  bond 
in  monomolecular  layer  is  determined 
by  fixation  by  motionless  molecules  of 
solid  body  and  interaction  of  molecules 
with  each  other,  when  in  polymolecular 
layer  the  last  factor  has  predominant 
value;  but  the  bond  with  the  solid  body 
is  realized  only  through  molecules  of 
monomolecular  layer. 

In  Fig.  1  is  schematically  re¬ 
presented  the  change  of  coefficient  of 
friction  and  resistance  to  refinement  of  boundary  layer  of  oil,  dividing  conjugate 
flat  surfaces  of  parts.  The  right  3ide  of  the  curves  is  the  generalized  result  of 
measurement  in  instrument  with  plane-parallel  disks  [2,  17];  the  left  part  has  a 
hypothetical  character,  but  i3  based  on  extrapolation  and  results  of  measurement 
of  friction  in  four-ball  friction  gage  [19]. 

When  contact  pressure  and  temperature  attain  limit  high  ("critic?!")  value, 
the  boundary  layer  "breaks  through"  and  there  develops  direct  contact  of  conjugate 
surfaces.  However,  ouch  contact  is  never  developed  over  the  entire  surface.  Even 
in  conditions  of  dry  friction  the  true  area  of  contact  constitutes  small  part  of 
the  nominal  area  [20,  21],  The  strength  of  the  bond  of  monomolecular  layer  with 


Fig.  1.  Change  of  coefficient 
of  friction  and  resistance  to 
refinement  of  boundary  layer 
of  oil  as  function  of  its 
thickness . 

l)  fc  =  v>(n)  (results  of 
measurement  of  friction  in 
four-ball  friction  gage);  2) 
E=v>(n)  (generalized  result 
of  measurement  in  instrument 
with  plane-parallel  disks). 
KEY:  (a)  Number  of  layers  of 
molecules. 


metal  frequently  is  so  significant  that  there  occurs  plastic  flow  cf  projections 
of  microrelief  of  surface  with  preservation  of  this  layer  on  them  [22]  (this  is 
proven  also  in  case  of  oxide  films  during  cold  welding  [23]).  Moreover  height  of 
the  roughnesses  considerably  exceeds  the  length  of  molecules  of  oil  and  additives*. 
Consequently,  under  high  loads  friction  on  separate  sections  has  the  nature  of  dry 
friction,  on  others  is  threshold  friction  'with  monoaolecular  or  polymolecular 
thicknesses  of  butyric  layer. 

Summarizing  what  has  been  presented,  it  is  possible  to  express  static  friction 
of  lubricated  .tarts  in  the  following  manner: 

/  f  *1  i  'j  in  {*  *4  >*  ^  ^  'i  ii  • 

where  S  —  nominal  area  of  contact;  a,£ar.d7—  parts  of  it  or.  which  are  developed 
accordingly  direct  contact  cf  solid  body  mono-  and  polymolecular  threshold  lubricant; 
<{n.  —  shearing  strength  of  solid  body  per  unit  of  surface  area;  —  the  c^ce 


after  covering  by  conomolecular  layer  of  lubricant; 
shift  in  polymolecular  boundary  layer,  pertaining  to  uni 
>  S'.  but  since  •»  f»  y.  then  during  the  a 

ccr.ditions  of  incomplete  ) "ruptured")  boundary  layer  all 


—  average  resistance  to 
t  of  area. 

nalysis  of  fricti  /  in 
three  component  equations 


have  to  be  considered**.  Let  us  note  that  in  distinction  from  friction,  wear  is 
combined  mainly  with  magnitude  aS  ar.d  a  small  decrease  of  friction  can  lead  to  a 
significant  drop  of  wear. 

Analysis  of  the  physical  meaning  of  lubricating  ability  leads  to  the  conclusion 
that  additives  which  increase  lubricating  ability  are  all  additives  to  oils  (or 
ether  liquids)  which  ensure  lowering  of  resistance  to  mutual  shift  (friction)  of 
contacting  solid  bodies  and  increase  of  resistance  to  thinning  of  the  layer  of  oil 


*Averu,;e  height  unevennesses  of  surface  of  parts,  brought  by  polishing  *o  12-th 
class  of  cleanness,  is  approximately  3C  tires  more  than  the  length  of  molecule  of 
the  classic  aeditivo  which  increases  lubricating  ability  —  stearic  acid. 

**iiabinc.  „cx  and  Tabor  [21,  25]  shoved  that  in  the  case  of  lubrication  cf  x  r 
by  copper  p„  Imitate  the  component  of  fricticr.il  force,  combined  with  dim  "  rrr.tact 
of  copper  during  high  ic^cs,  does  not  exceed  2Cr  of  the  total  fricticr.il  ;  'in 
static  conditions  ever.  Application  of  a  lubricant  with  low  lubricatin'  ~ . — 

ir.creu.scu  .his  magni  .u^c . 


ity 


dividing  those  todies,  or  cause  one  of  these  effects  during  stabilization  of  the 
second  of  then.  Addition  to  oils  of  additives  of  this  type  leads  to  displacement 
of  curve  1  (Pig.  l)  to  origin  of  coordinates  (downwards  and  to  the  left).  Anti¬ 
friction  action  of  these  additives  is  expressed  in  decrease  of  magnitudes  v**.  «j„  and 
%H  or  in  Increase  of  1  due  to  0  and  0  owing  to  « .  Change  of  the  ratio  between  a  ,0 
end  1  is  due  to  Increase  of  resistance  to  refinement  of  boundary  layer  of  oil. 

If  with  this  s  approaches  zero,  then  wear  strongly  is  lowered.  During 
relatively  high  speeds  of  mutual  shift,  when  speed  of  deformation  of  projections 
of  microrelief  of  surface  is  great,  then  decrease  of  7  owing  to  0  also  leads  to 
decrease  of  wear.  Additives  increasing  lubricating  ability  are  one  of  the  forms 
of  antiwear  additives,  since  they  weaken  molecular  and  mechanical  interaction  of 
rubbing  bodies,  but  antiwear  additives  [8,  26]  include  substances  also  with  other 
mechanisms  of  action  (polishing  [7,  27],  anticorrosive  [28,  29]  and  others  [30]), 
which  can  be  more  effective  in  heavy  conditions  of  friction  and  in  aggressive  media. 

Charset  of  action  of  additives  increasing  lubricating  ability,  and  their 
effectiveness,  and  correv^ndingly  the  principles  of  selection  and  methods  of 
investigation  of  these  substances  using  a  polymolecular  and  monomolecular  threshold 
lubricant  and  during  contact  of  rubbing  surfaces  are  unequal.  To  solve  practical 
questions  of  selection  of  additives,  it  is  not  obligatory  to  test  them  on  actual 
mechanisms,  but  it  is  important  to  consider  thickness  of  layer  of  oil  between  parts, 
temperature,  speed  of  shift,  mechanical  and  chemical  properties  of  surface  of  solid 
body,  and  composition  of  oil.  Under  complicated  conditions  of  friction  it  can  turn 
out  to  be  expedient  e  as  was  already  noted  by  Beek  and  co-authors  [31],  to  simulta¬ 
neously  apply  two  or  three  additives  with  different  mechanisms  of  increase  of 
lubricating  ability. 

Addj&jmes  in  Pelywo locular  Threshold  Layer  of  Oil 


According  to  the  hydrodynamic  law  Stefan-Reynolds  gap  h  between  plane-parallel 


disks  immersed  in  s  liquid  is  expressed  by  the  following  relationship*: 


where  r  —  radius  of  disks;  1  —  viscosity  of  liquid;  F  —  contact  pressure;  t  — 
duration  of  contact. 


fron  this  equation  it  follow  that  if  t  is  sufficiently  great,  then  h  decreases 
to  sero. 


Pig.  2.  Change  of  thickness 
of  residual  layer  of  hydro¬ 
carbons  in  gap  between  plane- 
parallel  steel  disks  depending 
upon  duration  of  action  of  load, 
l)  petroleum-paraffin  fraction 
(npf)  +  0.1$  stearic  acid,e  = 

*  U  kg/cm2*  2)  npf  without 
additive, «  =*  2  kg/cm2;  3)  the 
same,  o  =  4  kg/cm2;  4)  isooctane 
+  0.1$  stearic  acid,v  =  1  kg/cm2; 

5)  benzene  +  0.1$  stearic  acid, 

**=  2  kg/cm2;  6)  cyclohexane  + 

+  0.001$  stearic  acid,e  =  0.2  kg/cm2; 
7)  cyclohexane  without  additives, 
*=°0.2  kg/cm2;  8)  benzene  without 
additives,  v  *  0.2  kg/cm2. 

KEY:  (a)  Thickness  of  layer,  m  ; 

(b)  Time,  sec. 


This  law  is  well  observed  in 
ease  of  deep-purified  lowest  hydro¬ 
carbons.  Investigation  of  mineral 
oils  and  lowest  hydrocarbons  with 
additives  of  fatty  acids  according 
to  method  [2,  17],  shows  that  for 
such  liquids  the  Stefana-Reynolds 
law  is  observed  in  gaps  whose 
thickness  exceeds  0.4-0. 5/*  .  From 
thinner  gaps  with  contact  pressures 
up  to  25-30  kg/cm2  these  liquids  are 
completely  not  squeezed  (Fig.  2). 
They  leave  a  residual  layer  whose 
thickness  depends  on  contact 
pressure,  nature  of  liquid,  and 
additive  (Table  l),  and  also  on 
composition  of  surface  of  solid 
body  and  temperature. 
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♦For  greater  detail,  see  (14]. 


T«bl<  1.  Bwldatl  Layer  (Ihm)  0.025t  Solutions  of  Acids 


Acid 

Solvent 

Steel  UIOA 

Ruby 

Quarts 

Contact  pressure,  kg/aa^ 

0.2 

2.0 

rwm 

as 

mm 

2.0 

Bensoie 

Heptane 

0.05 

<0.02 

MD.04 

— 

tasene 

0.00 

0.04 

— 

— 

0.05 

0.03 

Valeric 

3 

l 

0.00 

0.06 

0.07 

0.05 

0.05 

0.03 

Palmitic 

m 

0.16 

0.11 

0.14 

0.10 

0.12 

0.06 

Bensene 

0.11 

0.07 

0.08 

0.06 

0.04 

<0.02 

Phenyl  palmitic 

Isooctane 

0.16 

0.13 

0.14 

0.13 

0.10 

C.04 

Bensene 

0.15 

0.13 

0.15 

0.13 

0.09 

C.03 

Adipic 

Ioooetaae 

0.06 

0.04 

0.05 

— 

0.03 

— 

Sebaele  ; 

I 

i 

Isooctane 

0.06 

0.04 

0.05 

— 

0.03 

— 

Thickness  of  residual  layer  of  solutions  of  fatty  acids  in  oils  and  lowest 
hydrocarbons  turned  out  to  be  a  linear  function  of  the  number  of  carbonic  atoms 
of  the  hydrocarbon  radical  of  the  acid  (Fig.  3): 

A.U  AVrA/., 

where  —  thickness  of  residual  layer  of  liquid  dividing  conjugate  surfaces; 

Ca  —  number  of  atoms  of  carbon  in  hydrocarbon  radical  of  fatty  acid;  and  are 
constants.  It  is  interesting  that  equals  thickness  of  residual  layer  of  liquid 
without  additive  at  a  given  contact  pressure  (in  the  case  of  lowest  hydrocarbons 
SjsO),  and  angular  coefficient  of  slope  of  straight  line  depends  on  chemical 
composition  of  solvent  (oil  or  other  hydrocarbon  liquid). 

Fraa  the  given  data  it  is  clear  that  effectiveness  of  additives  of  the  fatty 
adds  type  with  respect  to  their  ability  to  increase  resistance  of  polymolecular 
boundary  layer  to  thinning  is  proportional  to  length  of  molecule  of  additive  and 


depends  on  relationship  between  structure  of  hydrocarbon  radical  of  additive  and 
molecules  of  solvent*.  Benzoic  acid  is  more  effective  in  benzene  than  in 
isooctane,  but  palmitic  acid  is  more  effective  in  isooctane  than  in  benzene. 
Phenyl  palmitic  acid  acts  almost  equally  both  in  paraffin  and  also  in  aromatic 
hydrocarbons  (see  Table  l).  In  dicar  bo  xylic  acids,  in  which  hydrocarbon  radicals 
are  located,  apparently,  parallel  to  the  surface  of  the  solid  body,  the  length  of 
this  radical  does  not  affect  thickness  of  residual  layer,  and  consequently  the 
resistance  to  its  thinning. 


I  3  i  7  9  a  ij  ii  17 

(a) 

Fig.  3.  Dependence  of  thickness 
of  residual  layer  of  solutions  of 
fatty  acids  ;n  cable  oil  C-110 
(curves  1,  2,  3.  and  5),  benzene 
(curves  4  and  7;  and  isc octane 
(curve  6)  on  quantity  of  a terns  of 
carbon  (Cn)  in  hydrocarbon  chain 
of  acid 

1,  2,  5.  ?)  pressure  is  4.0  kg/cm2; 

3  and  6)  pressure  is  2.0  kg/csr; 

4)  pressure  is  0.2  kg/c ar. 

Ordinate  I  —  for  curves  4,  6,  7; 
Ordinate  II  —  for  curves  1,  2, 

3.  5. 

(a)  Number  of  atoms  of  carbon. 


Action  of  the  considered 
additives  is  explained  by  the  fact 
that  they  create  or  increase  dis¬ 
joining  pressure  (for  characteristics 
of  this  effect,  see  [33])  and  give 
boundary  layers  an  elastic  (or 
q^iasi-elastic)  property.  Both 
disjoining  pressure,  and  aloe  strain 
hardening  of  the  boundary  layer 
increase  with  increase  of  length  of 
adsorbed  molecules  which  in  turn 
depends  on  ntanber  of  molecular  bonds 
per  unit  thi-VjresD  of  boundary 
layer  and  on  incr--.se  cf  obstacles 
to  relative  rotation  of  molecules 
with  incr  se  of  their  length. 

Within  limits  of  boundary 


layer  the  resistance  to  mutual  shift  of  plane-parallel  disks  (method  [2])  decreases 


with  increase  f  length  of  hydrocarbon  radical  of  adult:*-:  also  according;  to  the 


^Preliminary  experiments  showed  that  this  regularity  cl  so  is  observed  for 
alcohols  and  nitro  compounds  of  the  normal  aliphatic  series  and  chlorine-substituted 
fatty  acids. 

as;) 


V  * 


*  .9%  «*»»usns.  -  v  »» 


linear  law  (Fig.  4).  Consequently,  In  the  case  of  solutions  of  additives  in 
hydrocarbon  liquids  regularity  is  observed,  established  already  by  Hardy  [3'J 
during  the  investigation  cf  threshold  friction  of  surfaces  lubricated  by  Individual 
fatty  acids  and  alcohols. 

Both  in  experiments  by  Hardy  and  also  during  our  measurements  it  remained 
vague  how  static  friction  is  influenced  by  the  molecular  weight  of  fatty  acids 
with  more  than  7-6  carbon  atoms,  inasmuch  as  shift  in  boundary  layer  is  made  along 
ends  of  hydrocarbon  radicals  of  molecules  oriented  perpendicular  to  the  surface, 
and  a  chain  of  7-6  atoms  of  carbon  is  sufficient  for  shielding  of  carboxyl  group. 
Actually,  measurement  of  resistance  to  shift  of  surfaces  in  boundary  layer  of 
solutions  of  fatty  acids  with  a  strictly  fixed  gap  (Fig.  5)  s»hows  that  static 
friction  practically  does  not  depend  on  length  of  molecule  of  additive  with  more 
than  4-5  carbon  atoms.  Comparison  of  these  data  with  data  in  Fig.  3  leads  to  the 
conclusion  that  the  action  of  additives  increasing  their  lubricating  ability, 
within  limits  of  the  polymolecular  boundary  layer  depends  on  their  ability  to 
maintain  a  gap  between  the  rubbing  parts,  and  at  a  given  constant  (but  not  too 
large)  contact  pressure  this  gap  is  increased  in  proportion  to  the  length  of  a 
molecule  of  additive  (within  limits  of  compounds  of  one  homologic  series). 

The  "supporting  power"  of  the  polymolecular  bound  Ary  layer,  lying  within 
limits  20-30  kg/cm^  and  above,  is  sufficient  for  many  technical  purposes  but 
"temperature  stability"  of  this  layer  is  small.  With  increase  of  temperature, 
thickness  of  residual  layer  of  solutions  of  additives  in  the  beginning  is  not 
changed,  but  after  a  certain  limit  temperature,  or  more  exactly,  an  interval  of 
temperatures  it  decreases  (Fig.  6)  rather  rapidly.  Temperature  of  thinning  of 
polymolecular  boundary  layer  increases  with  decrease  of  its  thickness  (increase  of 
contact  pressure)  and  with  increase  of  molecular  weight  of  fatty  acid,  but  it  is 
significantly  lower  than  temperature  of  fusing  of  corresponding  soap  or  critical 
temperature  limit  sf  lubricating  ability  [6],  pertaining  to  the  ronomolecular 
boundary  layer . 
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Fig.  4.  Dependence  of  resistance 
to  shift  of  plane- parallel  disks 
on  number  of  a tons  of  carbon  in 
hydrocarbon  chain  of  additive. 

1)  naphthene  +0.1#  fatty  acid, 

<r=  22  kg/cn2;  2)  naphthene  +  0.1# 
fatty  'id,  <r=*  6  kg/cm2;  3)  isooctane 
+  0.1a  atty  acid,  4  kg/cm2. 

KEY:  (a)  g/cm2;  (b)  Number  of  atoms 
of  carbon. 


Fig.  6.  Influence  of  temperature 
on  thickness  of  residual  layer  of 
oil  at  a  pressure  of  2.0  kg/ cm2 
between  steel  disks. 

1)  fraction  of  turbine  oil  n^o  "  35.3 
centipoise;  fraction  of  transformer 
oil;  2)  without  additive;  3)  the 
same  +  0.l£  caproic  acid;  4)  the 
same  +  0.1%  stearic  acid;  5) 
naphthene- paraffin  fraction  MS-20. 
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to 
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Fig.  5.  Dependence  of  resistance 
to  shift  of  surface  of  boundary 
layer  of  fatty  acid  solutions 
with  a  strictly  fixed  space  on 
number  of  atoms  of  carbon  in 
hydrocarbon  chain  of  additive. 

1)  isooctane  +  0.l£  acid,  h  = 

*  0.10  m  ;  2)  npf  +  0.1%  acid, 
h  ■  0.30  p;  3)  the  same,  h  =  0.10m 
KEY:  (a)  g/cm2;  (b)  Number  of 
atoms  of  carbon. 


From  obtained  data  it  follows 
that  effectiveness  of  additives 
increasing  lubricating  ability, 
within  limits  of  polymolecular 
boundary  layer  will  increase  with 
increase  of  length  of  molecule  of 
additive,  or  more  accurately  —  ratio 
of  length  to  width.  For  this  reason 
as  additives  of  the  considered  type 
it  is  desirable  to  use  diphenyl 
compounds  of  the  normal  series 
(without  side  chains),  soaps  with 
cations  of  a  small  radius  (metals 


of  first  series  of  Mendeleyev1  periodic  system),  molecules  with  rigid  hydrocarbon 
chains.  Flexibility  of  molecular  chains  is  determined  by  potential  barrier  of 


m 


rotation  of  link  of  nolecule  near  the  bond,  the  higher  it  is  the  less  flexible  is 
ih*  molecule.  According  to  Jf.  V.  Vol ’kenshteyr  (35.1,  potential  energy  of  rotation 
of  link  of  hydrocarbon  chain  near  a  triple  bond  is  equal  to  approximately 
500  cal/mole,  near  a  double  bond  1800  cal/nole,  near  a  CH^-CH^  oond  1400  cal/nole, 
and  rear  a  CiH^H^l  bond  —  sore  than  5000  cal/mole.  Vith  the  selection  and 
synthesis  of  effective  additives,  increasing  lubricating  ability,  it  is  necessary 
also  to  consider  that  with  increase  of  length  even  the  Dost  rigid  nolecules 
accumulate  the  possibility  of  rotation  and  oscillation  of  links,  and  therefore, 
there  exists  a  limit  of  effective  length  of  molecule  of  additive  which  increases 
lubricating  ability. 


Hwwolecular  Laver  of  Additives 

When  between  surfaces  of  coupled  parts  there  remain  two  layers  of  nolecules 
of  lubricating  substance,  the  last  one  is  not  in  a  state  of  preventing  mechanical 
interaction  of  solid  bodies,  but  has  a  large  influence  on  their  molecular  inter* 
action.  In  particular,  it  prevents  formation  of  metallic  contacts  (fusing)  of 
surfaces  [4,  10].  The  monooolecular  lubricating  layer  has  a  large  value  at  high 
contact  pressures  (>40-50  kg/cm^)  and  increases  eaperatures;  therefore,  to 
Judge  mechanism  of  action  and  effectiveness  of  additives  it  is  important  to  clarify 
the  nature  and  bonding  strength  of  nolecules  of  additive  with  metal  or  other  solid 
body.  This  question  was  illustrated  in  literature  [4,  6,  10],  and  we  will  be 
limited  to  only  an  Indication  of  certain  conclusions  which  follow  from  measurement 
of  static  frictions,  conducted  in  our  laboratory  with  the  help  of  a  four-ball 
Instrument  C 19] - 

It  turned  out  that  fatty  acids  lower  friction  under  very  high  contact 
pressures  reaching  the  index  of  microhardness  of  metals  (Table  2).  It  follows 
from  this  that  with  a  slow  load  the  contact  surface  of  solid  bodies  5s  deformed 
without  displacing  the  monooolecular  layer  ox*  fAtty  acid  fro?  the  space  between  them. 


These  remits  are  in  Accordance  with  the  work  of  Langrulr  [36],  which  showed  that 

•»> 

|  tor  removal  of  the  oonooolecular  layer  of  fatty  acids  from  surface  of  metal  It  is 

i 

i  —  pessary  to  beat  the  latter  in  a  vacuum  at  a  temperature  higher  than  340*,  and 
)  tram  data  of  Bouden  [4],  revealing  that  fatty  acids  on  the  surface  of  metals  form 
-  *  soaps.  It  io  known  also  that  surface  active  material  are  successfully  used  for 

f 

4  easing  of  dragging  and  flattening  of  metals. 

Ob  the  other  hand,  it  was  shown  [4,  6,  36]  that  with  an  increase  of  temperature 

i 

;  to  a  magnitude  close  to  melting  soap  or  another  compound  of  additives  with  metal, 

V 

i  in  conditions  of  nonomolecular  lubricant  there  occurs  a  sharp  Jimp  of  friction  (and 
j  wear).  This  can  be  explained  only  by  the  fact  that  the  additive,  although  still 
‘  combined  with  metal,  due  to  disorientation  lost  the  ability  to  prevent  molecular 
interaction  of  solid  bodies  (adhesion),  leading  to  formatior  of  a  metallic  bond. 

Table  2.  Coefficient  of  Static  Friction  of  Solid  Bodies  at  High 

Contact  Pressures 


Solid  body 


ody  T  .  Coefficient  of  static  friction 

_ n0?!1,1??  ^  *  during  contact  pretsure 

Mierohardness  solution  (kg/—2) 

according  to  - - 

£373,  100—300  750— TO  1300—2000 


UJLisM 


Steel  0104? 


Without  lubricant  I  0.77 


lefbrmation 
>f  none  of 


(hurts  crymt 


1500 


2250 


2400 


Caproic  in  die- 
etylsebacinate . . . 
Stearic  in  dio- 
etylsebacinate. . . 
Without  lubricant . 

?aproic  in 
naphthene-paraf¬ 
fin  fraction 

KS-20 . 

Stearic  in  that 

same  oU . 

Without  lubrlcaat. 
Stearic  in  turbine 

oil . 

Without  lubricant. 
Stearic  in  twrbime 
oil . 


0.15 

0.13 

0.00 


O.U 

0.13 

0.78 


Destruction 

of  sample 


0.17 

0.17 

— 

0.14 

0.14 

QJ2Q 

0.33 

— 

0.30 

0.16 

___ 

0.15 

0.33 

0.31 

C.^9 

0.17 


0.10 


0.20 


:f if: 


’.’ork  of  friction  during  a  snail  speed  of  shift  in  conditions  of  nononale cular 
j.'ubricar.t  is  expended  mainly  on  plastic  flow  of  projections  of  micro  relief  and 
o.ily  partially  on  their  destruction.  Additives  like  surface  active  materials 
promote  deformation  of  metals  [393,  glasses  [403  and  other  solid  bodies,  by  which 
they  can  lower  also  the  mechanical  component  of  friction. 

However,  preservation  of  nononolecular  lubricating  layer  is  especially 
important  for  decrease  of  wear.  In  one  of  the  preceding  works  [41]  it  was  shown 
thao  for  such  high-hard  bearing  materials,  as  industrial  jewels,  there  exists  two 
forms  of  wear:  brittle  fracture  of  surface,  to  which  corresponds  a  high  coefficient 
of  friction  and  catastrophic  wear,  and  abrasion  ("plastic  wear"),  at  which  takes 
takes  place  significantly  slower  and  the  coefficient  of  friction  is  essentially 
lower.  Under  high  contact  pressures  for  all  materials  represented  in  Table  2  in 
the  case  of  dry  friction  the  first  form  of  wear  was  observed,  with  a  nononolecular 
lubricant  the  second  form  was  observed.  Experiments  revealing  a  mas3  transfer 
clearly  showed  that  in  the  first  case  molecular  (adhesional)  interaction  occurs, 
and  in  the  second  only  mechanical  interaction  occurs.  This  graphically  illustrates 
the  role  of  additives  increasing  lubricating  ability  in  conditions  of  a  nononolecular 
lubricant.. 

Consequently,  additives  in  the  considered  case  have  to  be  strongly  bound  with 
the  friction  surface.  This  follows,  for  instance,  from  comparison  of  lubricating 
ability  of  paraffin  hydrocarbons  with  fatty  acids  equal  to  them  in  length  of  hydro¬ 
carbon  chain.  Reactivity  of  fatty  acids  nay  be  increased  by  increase  of  disso¬ 
ciation  of  carboxyl  group,  for  instance  bonding  of  chlorine  to  neighboring  atom 
of  carbon. 

However,  energy  of  reaction  of  additives  with  metals  and  even  oxides  of  metals 
and  silicates  doe3  not  limit  effectiveness  of  the  applied  additives.  In  many  cases 
a  sufficient  bond  is  provided  by  physical  adsorption  and  in  any  case  a  hydrogen 
bond  (see  Table  2) .  Practically  more  important  is  an  increase  of  temperature  of 

'  t-  .  i 


disorientation  of  nonnssolecttlar  layer  and  increase  of  its  thickness  for  more 

i 

) 

t  effective  protection  of  rubbing  bodies  free  adhesion.  The  first  part  of  the 

i 

'  problem  is  solved  fay  using  as  additives  substances  forming  on  the  surface  high* 

* 

|  Belting  compounds.  Chemical  principles  of  solution  of  the  seeonrf  part  of  the 

t 

|  problem  do  not  differ  frost  those  considered  in  the  preceding  division  of  the  report. 
Oise  would  think  that  in  the  ease  of  a  high  speed  of  shift  of  ruhblig  surfaces 

i 

■  it  :  s  expedient  to  increase  energy  of  reaction  of  additives  with  then,  in  order  to 
•;  ensure  rapid  formation  and  reduction  of  monooolecular  layer.  But  In  this  case  the 
developed  temperature  of  friction  usually  exceeds  temperature  of  disorientation  of 
*  memamolecul&r  layer,  and  ac emulation  of  heat  in  tone  of  friction  finally  leads  to 
destruction  of  this  layer. 


Additives  During  Incomplete  ("Broken")  Threshold  Layer 


A  general  shortcoming  of  surface  active  Materials  like  additives  increasing 
lubricating  ability  Is  that  boundary  layers  formed  by  them  possess  low  tenperaturs 
of  "fusing".  Up  to  now  there  are  no  known  cor  pounds  of  this*  type,  which  Mould 
fora  on  metal  boundary  layers  with  a  teuperature  of  disorientation  higher  than 
150*.  Meanwhile  under  significant  loads  and  speeds  of  shift  in  fricticj  zone 
higher  temperatures  frequently  are  developed*.  Due  to  this  the  boundary  layer 
of  the  lubricant  completely  or  partially  breaks,  and  with  nibbing  of  the  surface 
ZOOM  of  adhesion  (fusing)  or  seising  appear. 

Inasmuch  as  in  such  cases  the  physical  and  physico-chemical  r.  it  hods  of  loverly 
.  "Action  and  wuar  ere  inactive,  we  rnsnrt  to  chemical  modification  of  friction 
amrfoce  swing  auLfor-,  chlorine-,  phosphorus-  and  oxygen-containing  additives. 


•A  defraying  action  on  the  mnmnmr  locular  boundary  layer  1s  rendered  by 
tempera  tone,  but  not  by  pressure,  flhowa  it  was  shown  that  this  layer  can  sustain 
vny  high  "thermal  stresses.  Coming  to  us  from  American  literature,  the  tern 
" additive  for  super-high  pressures"  does  not  reflect  the  mechanism  of  action  of 
theme  subetsoces.  It  would  be  more  correct  to  call  them  additives  for  high 
temperatures  or  additives  for  heajy  friction  conditions. 


2km-.. -inf,  strength  of  compounds  of  metals  with  sulfur,  rnggen,  chlorine,  end 
phea  "ho  rua  Is  essentially  lower  than  that  of  pure  metals;  they  prevent  formation 
of  retal lir  hoods,  and  destruction .of  surface  is  localised  in  a  thin  surface, 
chemically  modified  layer.  Uhls  leads  to  reduction  of  friction  and  prevents 
seizing.  It  is  trme,  lnaa—ch  so  metal  Is  oovered  by  a  lens  durable  film  of  its 
compound,  wear  from  abrasion  cam  grow,  but  under  heavy  conditions  of  friction  this 
fom  of  wear,  apparently,  does  not  play  a  dominating  role. 

Mechanise  of  action  and  affective  ae  of  the  considered  additives  were 
investigated  in  detail  in  the  works  cf  C.  T.  Vinogradov,  P.  1.  Sanln,  M.  M.  Kusakov 
H.  D.  B^zborod'ko,  Tu.  S.  Zaslavskiy,  and  others  [26,  30,  16,  32].  Here  we  turned 
our  attention  to  only  one  e&aential  condition  of  action  of  the  considered  additives 
So  that  they  be  effective,  it  is  necessary  to  guarantee  the  conditions  of  their 
reaction  with  metal .  To  levelop  the  action  of  many  of  then  it  is  sufficient  to 
increase  temperature  (Table  3).  During  small  speeds  of  shift  and  correspondingly 
low  temperatures  the  effectiveness  of  the  best  of  these  additives  may  be  lower 
than  vuch  substances  as  stearic  acid  (Table  3)*  Consequently,  use  of  additives 
which  change  the  property  of  the  metal  surface  does  not  exclude  use  of  .surface 
active  additives. 

Basic  requir—ent.  for  additives  modifying  the  surface  is  that  compounds  formed 
by  them  possess  a  lower  shearing  strength  than  corresponding  metals.  Unfortunately 
this  question  is  still  studied  very  little.  The  second  requirement  follows  from 
reactivity  of  additives.  It  should  be  sufficiency  high  tnat  the  protective  layer 
is  able  to  be  restored  la  conditions  of  fast  shifting,  but  at  the)  same  time  too 
much  cetal  does  not  have  to  be  Involved  in  the  reaction.  TVr  theory  of  chemical 
Interaction  of  additives  with  metal  has  only  begun  to  be  developed.  Contemporary 
informations  about  this  important  and  interesting  regions  are  presented  in  quoted 


literature. 
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3*  Effectiveness  of  Additives  in  a  Concentration  of  6 
Millimoles  Per  Liter  in  Oioetylsebacinate  Under  High 

Contact  Pressures 

friction  of  Brass  Against  Steel  in  a  Pour-Ball  Friction 

Cage  [19]. 

Speed  of  Shift  is  0.54  ca/see 


1 

*4 

o 

l 

2V 
S.  . 

S3 

«-  o 

Indices 

Without  additive 

Stearie  add 

_ 

o» 

8 

2 

& 

o 
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8 

2 

X 

o 

o 

* 

01 

a. 

n 

°<r 

X 

89 

Spot**  of  wear . . 

129 

115 

144 

174 

242 

Coefficient  of  friction . 

0.20 

0.16 

0.24 

0.25 

0.25 

100 

Spot  of  wear....... . . 

135 

130 

132 

119 

175 

Coefficient  of  friction....... 

0.20 

0.17 

0.18 

0.18 

0.19 

246 

25 

Spot  of  wear . . 

213 

137 

163 

212 

247 

Coefficient  of  friction . . 

0.20 

0.16 

0.24 

0.25 

0.25 

ion 

Spot  of  wear . . . . 

220 

189 

169 

i 

239 

Coefficient  of  friction....... 

0.23 

0.18 

0.25 

g 

0.18 

150 

1 

i 

! 

i 

Spot  of  wear . . 

228 

205 

160 

170 

240 

Coefficient  of  friction . . 

i 

0.22 

0.21 

0.22 

0.18 

0.19 

•Phosphorus-,  chlorine-  and  sulfur-containing  additives  were  given  by  P.  I. 
'anin. 

•"Pi inter  of  spot  of  wear  after  5  minutes,  in  microns. 
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OSES  OP  ANTIOXIDANT  ADDITIVES  TO  POWER  ENGINEERING 
OIL  —  NEW  IN  THEORY  AND  PRACTICE 


K.  I.  Ivanov,  Ye.  D.  Vilyanskaya,  and  A.  lushetskiy 
All-Union  Power  Engineering  Institute 

The  phenomenon  of  negative  catalysis  uuring  auto-oxidation  of  hydrocarbons 
was  discovered  in  the  first  twenty  years  of  the  XXth  century  by  the  French 
chemists  Moure  and  Dufraisse  [l]  and  almost  simultaneously  and  independently  of 
them  by  B.  G.  T^rchinin  and  N.  A.  Butkov  in  the  USSR  [2]. 

After  35  years,  retarders  of  oxidation  of  hydrocarbons  by  molecular  oxygen 
(antioxidants,  inhibitors)  found  wide  practical  application  in  the  most  diverse 
a:  u.r  of  technology.  In  particular,  they  have  long  been  used  on  a  large  scale  as 
additives  which  inhibit  the  oxidizing  aging  of  petroletan  fuels  during  storage  and 
of  transformer  and  turbine  oils  during  use  [3,  A]. 

In  spite  of  this,  their  mechanism  of  action  has  been  little  investigated. 

The  first  fundamental  explanation  of  the  inhibiting  influence  of  antioxidants  was 
obtained  on  the  basis  of  the  chain  theory  of  the  auto-oxidising  processes  and 
combined  with  the  ability  of  antioxidants  to  stop  reaction  chains  [5,  6].  However, 
details  of  the  chemical  transformations  undergone  by  the  retarders,  and  also  the 
question  of  the  oxidising  stage  on  which  their  action  appears  were  not  studied. 


lill 


*n  rv-cc"*‘-  y*-rs  has  there  arteared  no-  information  shedding  I  i~h*.  or. 
tr.c  chemical  and  .cinetic  side  of  the  mechanism  jf  action  of  auto-oxidation  retarders 
.hu3,  in  1952-1955  for  2.6  —  di-tert-butyl-Z»-methylphenol  there  was  success 
ir.  tracing  the  separate  stages  of  chemical  changes  to  which  alkylphenol  retarders 
are  subjected  in  the  course  of  inhibiting  oxidation  reactions  and  in  confirming 
the  radical  nature  of  the  reactions  which  developed  [7,  8].  At  the  London  1958 
symposium  of  the  Institute  of  Oils,  dedicated  to  insulating  oils,  in  a  number  of 
works  concerning  antioxidants  was  reported  experimental  investigation  marking 
significant  distinctions  in  the  chcmism  of  action  of  antioxidant  additives  to 


th' so  oils,  which,  besides  the  ability  to  stop  reaction  chains  by  means  of 
capturing  active  organic  radicals,  as  is  peculiar  to  true  antioxidants,  can  also 
act  os  a  decontaninator  or  passivator  of  metals  which  are  dissolved  or  washed  by 
oil  during  use  and  accelerating  of  its  aging  [9], 

In  1953,  as  a  result  of  our  laboratory  investigation  of  the  influence  of 
antioxidants  on  kinetics  of  oxidation  of  petroleum  oil  hydrocarbons  and  reaction 
of  these  retarders  with  intermediate  products  of  reaction,  it  was  shown  that 
differently  built  antioxidants,  actively  inhibiting  the  chain  reaction  of  auto- 
oxidation  in  the  period  of  its  onset,  do  not  equally  affect  the  oxidizing  process 
in  the  stage  of  its  development  [10];  the  possibility  of  such  phenomenon  from  the 
point  of  view  of  the  chain  theory  in  that  same  period  of  time  wa3  founded  by  N. 

M.  amanucl '  [11],  We  have  experimentally  proven  that  some  inhibitors  (group  II) 
can  vigorously  inhibit  oxidation  which  has  already  started,  and  others  are  not  in 
the  state  to  do  this  (group  I),  and  lastly,  a  third  group  are  able  to  stop  the 
process  only  in  its  autocatalytic  stage,  but  do  not  affect  it  in  a  later  phase  — 
after  achievement  of  constant  speed  by  reaction  (group  III).  It  was  shown  that 
these  observations,  made  on  high- purified  petroleum  (white  medical)  oil,  are  con¬ 
firmed  also  during  action  of  the  sane  substitutes  on  oxidation  of  normally  purified 
commercially  Baku  transformer  oil  [12],  Further,  it  was  found  that  these 


Classification  of  Retarders  of  luta-r;d.dation  of  Petroleum  Oils,  Based  on  .‘heir 
_ Action  or,  Kinetics  of  the  Process  in  l.s  Different.  Stages 


Diagrams  of 
influence  on 
kinetics  of  oxi¬ 
dizing  process* 
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j  pyramidon . . . ...... . . .  0.05 

*1)  kinetics  of  oxidizing  process;  2)  retarder  introduced  into  oil  prior  to 
beginning  of  reaction;  3)  the  same,  in  its  autocatalytic  .period;  4)  tho  same, 
after  achievement  of  constant  speed. 


Time  of  oxidation 


peculiarities  of  the  action  of  retarders  are  combined  with  their  ability  to 
differently  interact  with  interned late  products  of  the  oxidation  reaction  — 
hydrogen  peroxides  of  HOOH  hydrocarbons  [10]  and  free  R*  hydrocarbons  and 
peroxide  radicals  [13). 

On  the  basis  of  these  data  was  proposed  a  diagram  of  the  mechanism  of  action 
of  an  inhibitor,  explaining  features  of  their  influence  on  different  stages  of 
auto-oxidation  of  hydrocarbons  [13]  and  classification  of  retarders,  including 
29  investigated  compounds,  possessing  amine,  phenol,  disulfide  and  other  functions, 
based  on  the  above-stated  kinetic  criteria  [12]. 


Diagram  of  Mechanism  of  Action  of  Inhibitors 


Initial  stage  of  uninhibited  Changes  introduced  by  (AH) 
auto-oxidation  of  (RH)  hydro-  retarders  groups  I,  II  and 

carbons  in  the  liquid  phase  III 
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In  examining  this  classification  it  is  possible  to  note  certain  features  of 
the  chemical  structure  of  the  retarders,  determining  to  trtrich  separate  kinetic 
groups  they  belong. 

1.  The  very  chemical  nature  of  the  functional  group  which  is  in  a  molecule 
of  retarder  still  does  not  make  it  possible  for  it  to  belong  to  one  or  another 
kinetic  group  (in  each  of  the  latter  are  amines  and  phenols). 
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2.  Thera  is  an  important  value,  apparently,  in  the  position  of  the  functional 
group  in  a  nolecule  of  the  inhibitor,  since  on  it  to  a  larger  degree  depends  the 
direction  of  action  of  the  investigated  substances  on  the  kinetics  of  oxidation 
of  oil. 

Thus,  for  instance,  a  distinctive  feature  of  the  structure  of  retarders  of 
group  II,  belonging  to  the  classes  of  aromatic  amines,  phenols,  or  amino phenols, 
is  that  the  amine  group  in  them  has  a  primary  character  and  is  just  as  phenol 
hydroxyl,  in  active  a-  or  para-po sit ions  ( a -naphthylamine,  a-naphthol,  para- 
phenylene  diamine,  para-amino phenol,  hydroquinone ) .  Isomeric  compounds,  where 
these  same  functions  assist  in  less  reactive  0-,  and  also  ortho-  and  meta-positions 
react  like  representatives  of  group  III  of  inhibitors  ( 0 -naphthylamine ,  0-naphthol 
r.eta-phenylene  diamine,  ortho-amino phenol,  resorcin).  When  in  antioxidant  of 
group  II  —  para-amino  phenol  —  the  active  aminogroup  loses  its  primary  character 
a3  a  result  of  introduction  into  it  of  phenol  or  naphthyl  radicals,  then  the 
obtained  phenyi-para-aminophenol  or  para-hydroxylphenyl-0-naphthylamine  react  as 
retarders  of  group  I. 

The  results  of  theoretical  research  presented  hero,  illustrating  the  kinetic 
mechanism  of  action  of  antioxidants,  l^'-d  to  two  important  practical  conclusions. 
They  make  it  possible: 

a)  to  solve  such  questions  as  stabilization  of  the  petroleum  oils  subjected 
to  oxidizing  aging  (in  the  first  place  of  transformer  and  turbine  oils)  not  only 
ir.  the  fresh  state  but  also  during  their  use,  i.e.,  already  undergoing  oxidizing 
changes,  and  also  to  reliably  stabilize  regenerated  oils,  in  which  there  usually 
remains  certain  quantity  of  products  of  aging; 

b)  to  use  for  stabilization  of  oils  a  mixture  of  antioxidants,  fundamentally 
selecting  the  components  of  these  mixtures. 
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M  tirpr  tom  cf_  *>r jklqg  and  *!e«ynerated  Oils 

ti  c  stai»ilixAti<m  of  power  engineering  (transformer  and  turbine )o  11  s, 
•ntiotidant  additives  until  recently  were  introduced  onlj  iwt^  fresh  oils,  put 
Into  the  abnegates  for  the  first  tine.  This  was  connected  with  the  fact  that 
the  developed  (at  that  tine ,  by  means  of  a  purely  empirical  selection)  effective 
additives,  for  instance,  para-oxydiphenylaaine  and  phenyl-fl-naphthylamine  proved 
to  be  incapable  of  stopping  aging  with  had  already  started,  and,  consequently, 
were  uracceptable  for  stabilisation  of  working  oils  and  the  majority  of  regenerated 
oils.  Moreover,  these  additives  required  for  guarantee  of  maximum  activity  a 
certain  repurification  of  fresh  oils  as  compared  to  norms  (14). 

The  above  presentations  about  the  kinetic  mechanism  of  action  of  antioxidants 
allow  a  basic  approach  to  selection  of  retarders  for  stabilisation  of  working  and 
regenerated  power  engineering  oils.  They  make  it  possible  to  affirm  that  the 
most  effective  for  inhibiting  oils  which  have  already  starting  aging  have  to  be 
antioxidants  of  groups  II  and  then  III,  and  that  retarders  of  group  I  (including 
para-oxydiphenylamine  and  phenyl -0-naphthyl  amine)  are  not  mmefhl  for  this  purpose. 

This  position  was  confirmed  during  a  wide  c  .:k  of  it  as  commercial  turbine 
and  trana  former  olio  not  only  in  laboratory  conditions  (by  artificial  aging, 

AJ 1 -Onion  Covenmuent  Standard  981-55),  but  also  during  their  use. 

In  tests  under  working  conditions  (15,  16],  for  the  stabilisation  of  writing 
and  regenerated  turbine  and  transformer  oils  the  additive  kTT-ft  (belonging  to 
group  II)  and  the  additive  lonol  (beloogii^  to  group  III)  were  successfully  used. 

Advantages  of  Using  Mixtures  of  Antioxidants 

A «  a  result  of  investigation  of  the  interaction  of  antioxidants  belonging  to 
different  kinetic  groups,  with  intermediate  products  of  auto-oxidation  of  hydro¬ 
carbons  it  was  possible  by  direct  experience  to  stew  that  retarders  of  group  I 


(ijH)  react  only  with  free  R*  hydrocarbon  radicals  and  do  not  react  with  ROOH 
hydrogen  peroxides  and  with  free  peroxide  radicals;  retarders  of  group  II 
<*n*  vigorously  interact  with  hydrogen  peroxides  and  ROj  and  belong  passively 
to  R*  hydrocarbon  radicals;  retarders  of  group  III  (AjjjK)  react  with  R*  and  RO^ 
and  nwSeraftely,  or  not  at  all  with  hydrogen  peroxides  C 13 1  - 

Considering  this,  it  was  possible  to  assure  that  simultaneous  application 
ef  antioxidants  of  different  groups  (for  instance,  I  and  II,  II  and  III,  I  and  III) 
would  cause  mutual  strengthening  of  their  action  and,  consequently,  would  ensure 
inhibiting  of  the  oxidizing  process. 

In  the  case  of  Joint  application  of  retarder  of  groups  I  and  II  it  is 
possible  to  isagnine,  for  instance  that  an  antioxidant  of  group  I  will  ensure 
the  capture  of  a  majority  of  R*  radicals  appearing  in  the  period  of  initiation. 


and  those  of  then  which  will  be  kept  will  be  turned  into  RO^,  and  will  be  de¬ 
activated  fay  assisting  antioxidant  of  group  II. 


Pig.  1.  Action  of  mixtures  of  antioxidants  of  different 
groups  on  stability  of  cocmercial  tran* former  oil  from 
B—ovuy  oil, 

IETj  (a)  Initial  oil;  (fa)  Acid  norther,  milligrams  KOH/g; 
(c)  Concent  rat  ion  of  additives,  weight  <;  (d)  tTI-8;  (e) 
Fbeuyl-0- rapt  hy lam ine;(f)  0  -naphthol ;  (g)  Bentldrine. 


Opinio—  appearing  in  literature  recently  on  the  effect!* -  ess  of  using 
Mixtures  of  antioxidants  for  stabilization  of  petrolews  oil  *  contradictory. 
Thus,  an  the  one  hand,  G.  Kenr.erli  and  W.  Patterson,  subdivl^  .g  antioxidants 
into  inhibitors  (blocking  free  radicals  of  oxidizing  cha and  destroyers  of 
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T-blc  1.  Influence  of  Antioxidants  of  Groups  I  and  II  and  Their 
Mixtures  on  Stability  of  Power  Engineering  Oils  (All-U— 'on  Gov¬ 
ernment  Standard  981-55) 
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Table  2.  Influence  of  Antioxidants  of  Croup  I  and  Their  Mixtures  on 
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ng.  2.  Action  of  mixtures  of  antioxidants  on  stability 
of  poM&r  engineering  oils  of  different  oricin. 

Coatercial  oil  1)  tjaneine  eonsnerclal  oil  from  butyric 
Balahtvsqr  oil;  cosrtercial  oil  2)  transfbmer  oowpercial 
oil  from  butyric  Fnba  oils;  experimental  oil  —  transformer 
experimental  oil  f^xa  Tuymaxy  oil  (S  «  0.7%);  cosmercial 
o’l  3)  transibt&er  commercial  oil  from  Bazoviy  oil. 

K£Xt  (a)  Acid  amber,  milligrams  K05?/g;  (b)  0— ercial  oil; 
<c)  Experimental  oil;  (d)  para-oxydiphenylamine?  (e)  VTI-8; 
(f)  phenyl-^ -nar.hthylamine ;  '{g)  ar-naphthylamine;  (h)  Conctn- 
t  rot  ion  of  additives,  weight  %. 


403 


peroxides,  note  that  mixtures  of  those  substances  in  certain  cases  turn  out  to 
be  rare  active  than  their  components  [17]*  On  the  other  hand,  L.  Massey  and  A. 
LTilsons  present  extensive  experimental  data  indicating  that  mixtures  of  antioxidants 
investigated  by  them,  act,  as  a  rule,  worse  than  each  of  them  separately  [9]. 

We  conducted  laboratory  tests  (Tables  1  and  2)  and  tests  under  operating 
conditions,  showing  that  correct  (from  the  point  of  view  of  positions  expressed 
above)  selection  ensures  an  extraordinarily  high  effectiveness  of  the  stabilizing 
action  of  mixtures  of  t\iro  additives  on  transformer  and  turbine  oils,  exceeding 
the  effectiveness  of  each  of  them,  even  in  those  cases  when  the  latter  were  taken 
(separately)  in  double  concentration  (Fig.  1  and  Fig.  2).  This  can  be  considered 
as  proof  that  we  are  dealing  not  with  a  simple  addition  of  the  influence  of  two 
antioxidants,  but  with  a  mutual  strengthening  of  their  activity,  depending  on 
their  ability  to  seize  on  different  stages  of  the  process  different  activo 
particles,  provoking  tho  onset  and  development  of  the  chain  reaction  of  auto¬ 
oxidation. 


Fig.  3.  Action  of  mixtures  of  antioxidants  of  analogous 
groups  on  stability  of  commercial  transformer  oil  from 
Buzovny  oil. 

KEY:  (a)  Acid  number,  milligrams  KOH/g;  (b)  Initial  oil; 
(c)  phenyl-j3-naphthylaaine;  (d)  para-oxydiphenylamine; 

(e)  0-naphthol;  (f)  Ionol;  (g)  a-naphthylanine;  (h) 
3ensidine;  (i)  VTI-8;  ( j )  Concentration  of  additives, 
weight  %. 
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TN  simultaneous  use  of  a  mixture  of  antioxidants  belonging  to  the  same 
kinetic  group  does  not  increase  btabilising  action  (Table  2,  Pig.  3)»  with  the 
aapoptinn  of  retarder  VTI-8  containing  sulfur,  which,  apparently,  is  connected 
wttti  peculiarities  of  its  chemical  mechanism  of  action. 

>  During  the  selection  of  such  mixture j  to  be  put  into  the  butyric  system  of 

) 

a  turbine  or  into  a  transformer  one  should  consider  that  one  gain  in  stability  is 
mot  sufficient  and  that  it  is  necessary  to  check  the  influence  of  the  selocted 
mixture  of  additives  on  a  whole  series  of  other  indices  of  the  given  oil  both 
included  and  not  included  in  technical  conditions  (/11-Union  Government  Standard 
932-56  and  32-53)  for  instance,  corrosive  properties,  hygroscopicity,  preservation 
of  dielectric  indices  in  the  process  of  aging  for  transformer  oils  and  others. 
Furthermore,  it  is  important  to  be  3ure  of  the  solubility  of  a  given  mixture  of 
additives  in  oil,  and  also  of  the  stability  of  this  solution  during  storage.  The 
latter  is  very  important,  since  many  paired  additives  tested  by  us  in  laboratory 
conditions,  which  were  effective  in  their  inhibiting  action  (for  instance,  a 
mixture  of  para-oxydiphen^larine  with  a-naphthylamine  and  with  0-naphthol  in 
eastern  transformer  oils)  turned  out  to  be  practically  unacceptable  for  this 


reason. 


! 


Wg.  4.  Change  of  acid  number  of  oils  in  a 
6000  iduewatt  turbine  without  additives  and  with 


a  mixture  of  additives  VTI-6  and  VTI-1 . 

1)  unstabilised  oil  in  1952;  2)  stabilised  oil  in 
1953  -  I960;  — overhaul'  vg;  A  —acid  reaction  of 


aqueous  extraction;  0—  neutral  reaction  of  aqueous 
extraction;  | — addition  of  additives  on  additional 
oil  fillings, 

SET:  (a)  Acid  number,  milligrams  KOH/g;  (b)  Washing 
by  condensate;  (c)  Additive  is  introduced;  (d)  Length 
of  time  the  oils  are  used. 
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Ia  Fig.  4  Is  given  a  graph  Illustrating  work  in  a  6000  lor  turbine  of  Baku 
oil  stabilised  by  us  ia  1953  by  a  aixture  of  the  additives  7TC-8  (O.Olf )  and 
para-oxydiphenyl  amine  (0.005f).  For  comparison,  in  the  left  part  of  the  graph 
is  shown  the  change  of  acid  imaber  of  oil  (not  stabilized)  used  in  a  given 
turbogenerator  prior  to  1953*  the  use  in  this  turbine  of  oil  containing  a  aixture 
of  the  shown  additives  goes  on  continuously  for  7  years  without  replacement  with 
a  neutral  reaction  of  the  aqueous  extraction  without  use  of  an  adsorber. 

Conclusions 

1.  Experimental  investigations  of  the  kinetic  mechanism  of  action  of 
retarders  node  it  possible  to  establish  that: 

a)  antioxidants  of  different  structure,  actively  inhibiting  the  chain 
reaction  of  auto-oxidation  in  the  period  of  its  onset,  unequally  affect  the 
process  in  the  stage  of  its  development; 

b)  these  peculiarities  of  action  of  retarders  depend  on  their  ability  to 
Interact  differently  on  various  stages  of  the  oxidising  process  with  intermediate 
products  of  reaction  —  hydroperoxides  of  POOH  hydrocarbons  and  free  R*  hydro¬ 
carbons  and  EOJ  peroxide  radicals. 

2.  Ideas  about  the  kinetic  mechanism  of  action  of  retarders  well-developed 
on  this  basis,  made  it  possible  to  establish: 

a)  the  possibility  of  successfully  stabilizing  power  engineering  oils  with 
the  help  of  antioxidants,  not  only  in  the  fresh  state  but  also  after  their 
oxidising  aging  and  use  has  already  begun; 

b)  a  high  effectiveness  of  mixtures  of  antioxidants  used  fbr  stabilization 
•f  power  engineering  oils  during  fundamental  selection  of  components  of  these 
Mixtures. 
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XRPUJBK2  OF  BASIC  TYPES  OP  ADDITIVES  ON  OPERATING 
PROPERTIES  AND  OXIDATION  OP  OILS  IN  AN  INTERNAL 
COMBUSTION  ENGINE 

A.  V.  Druzhlnlna,  T.  A.  Tslguro,  And  V.  F.  Filippov 

fNII  NP* 

.  To  clarify  the  aechanlaa  of  action  of  antioxidant  additives  there  is  great 
value  in  a  study  of  their  Influence  on  oxidation  of  oils  in  an  engine.  Pros  a 
large  mnber  of  compounds  possessing  antioxidant  action,  for  investigation  one 
additive  each  was  selected  of  the  phenol  (barlus  para-tert-octylphenolate), 
amine  (phenyl -a- naphthyl amine),  and  phosphite  (tributyl phosphite)  type. 

*  Those  changes  were  studied  which  are  unde -gone  by  oils  and  the  structural- 
chemical  groups  of  hydrocarbons  which  compose  them  during  use  in  an  internal- 
combustion  engine  (1T9-*  and  GAZ-51)  without  additives  and  with  the  above-mentioned 
additives. 

The  most  deposit  was  given  b/  naphthene-paraffin  hydrocarbons,  and  the 
least  by  polycyclic  aromatic  hydrocarbons;  monocyclic  aromatic  hydrocarbons  occupy 
an  intermediate  position. 

The  amount  of  deposit  in  grooves,  on  rings,  and  piston  of  the  ergine  is 
Increased  linearly  In  tine. 

*  All- Onion" Scientific  Research  Institute  for  Oil  and  Gas  Refining  and  the 
Production  of  Synthetic  Liquid  Fuel. 


Barium  para-tert-octylphenolate  turned  out  to  bv  th>*  nost  effective  additive 
of  the  ones  Investigated.  The  amount  of  deposit  and  varnish  decreases  most  sig¬ 
nificantly  during  application  of  additives  in  naphthene-paraffin  hydrocarbons. 

The  reepowse  of  oils  to  barite  para-tert-octylphenolate  is  determined  by  the 
composition  of  oil,  decreasing  with  increase  of  content  of  aromatic  hydrocarbons, 
sulfttrous  compounds  and  resinous  substances  in  oils.  Upon  addition  of  bariim 
para  tert-octy  I  phenol  to  industrial  oil  50  (0.5JC  calculated  an  bar  lias)  the  deposit 
of  carbon  in  grooves,  on  rings,  and  piston  of  IT9-2  engine  decreased  tram  0.39  to 
0.13  g/hr,  i.e.,  3  tines,  or  with  evaluation  by  conventional  method  in  points 
(after  10  hours  of  w>rk  of  motor)  free  6  to  1.9  (average  of  four  determinations). 

The  effectiveness  of  barium  para-tert-octylphenol  in  oil  AS-10.7  (RKZ  from 
eulfhrous  oils)  is  lower:  there  was  only  a  l*0f  decrease  of  deposit. 

Crankcase  oils  affect  magnitude  of  wear  of  cylinder  and  piston  rings  of 
internal-combustion  engines,  which  is  closely  connected  with  viscosity  of  oils 
and  their  composition.  For  a  quantitative  evaluation  of  magnitude  of  wear  it  is 
possible  to  use  data  on  wear  of  piston  ring*. 

During  application  of  a  fraction  of  polycyclic  aromatic  hydrocarbons  of 
industrial  oil  50,  having  a  3-4  tia*  a  larger  viscosity  than  a  naphthene-paraffin 
fraction  of  the  sane  oil,  3*2  tines  wear  was  obtained.  At  the  same  tine 
during  application  of  aromatic  hydrocarbons  of  oil  AS-10.7,  having  after  10  hours 
of  work  in  an  M9-2  engine  almost  the  sane  viscosity  (20.3  cs  *t  100*)  as  nonocyclie 
aromatic  hydrocarbons  of  industrial  oil  50  (20.0  cs  at  100*),  wear  was  4  tines 
less. 

As  a  result  of  the  oxidation  of  oils  in  an  engine  ar-  formed  polar  compounds, 
which,  on  one  hand,  decrease  friction  in  boundary  conditions  end  lower  user,  and  ~ 
on  the  other  Increase  corrosive  wear.  Introduction  of  additions  or  the  presence 
In  ell  of  sul •'Urous  compounds  which  are  polar  surface  active  materials,  decreases 
wear.  The  nost  effective  antiwear  additive  turned  out  to  be  trlbutyl phosphite; 
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soe-  worse  was  phenyl-s-naphthylamine.  The  comparatively  high  wear  observed 
dun  ^  use  of  barium  para-tert-octylphenolate  perhaps  is  explained  by  high  the 
abrasive  properties  of  the  suspension  of  baritnn  carbonate  forming  on  the  surface 
of  the  cylinder  during  the  burning  out  of  oil.  This  is  confirmed  by  an  experiment 
using  as  an  additive  a  colloidal  hydrate  of  barium  oxide  and  an  equimolecular 
mixture  of  barium  para-tert-octylphenolate  and  para-tert-octylphenol  which  caused 
practically  identical  wear  with  an  identical  concentration  of  bariams  im  oil. 

In  the  presence  of  additives  the  viscosity  of  oil  and  hydrocarbons  in  the 
first  25-10  hours  of  work  of  the  motor  increases  not  as  fast  as  without  additives, 
then  the  action  of  additives  ceases. 

Upon  the  addition  of  additives  the  burning  out  of  oil  decreases  in  a 
comparatively  insignificant  degree. 

Oxidizability  of  oils  and  separate  groups  '  2  hydrocarbons  repeatedly  was 
investigated  by  different  laboratory  methods.  Oxidation  of  oils  in  piston  group 
of  the  motor  occurs  in  conditions  o'  contact  with  burning  fhel-air  mixture  which 
is  not  reproduced  during  laboratory  investigation  of  oxidisability  of  oils. 
Meanwhile  turning  of  fuel  essentially  affects  the  mechanism  and  kinetics  of 
oxidation  of  oil  hydrocarbons. 

Vfe  have  experimentally  shown  that  oxidation  hydrocarbons  and  oils  in  a 
motor  passes  through  a  stage  of  formation  of  hydrogen  peroxides.  An  -analytic 
method  developed  for  this  purpose  made  it  possible  to  trace  the  dynamics  of  the 
accisBulalion  of  peroxide  compounds  in  oils  and  individual  structural-chenical 
groups  of  hydrocarbons  separated  from  them.  Data  obtained  during  oxidation  of 
industrial  oil  50  and  hydrocarbons  separated  fror.  it  showed  that  the  largest 
quantity  of  peroxide  cor-  is  stored  in  polycyclic  aromatic  hydrocarbons,  and 

the  least  in  naphthene-part.flir*  hydrocarbons.  This  is  the  remult  of  different 
thermal  stability  hydrogen  peroxides.  Tn  oils  is  stored  a  smaller  amount  of 
hydrogen  peroxides  than  in  pure  hydrocarbons.  This  is  explained  by  the  fact  that 


resinous  substances  playing  the  role  of  inhibitors  of  oxidation,  are  stronger 
acceptors  of  the  oxygen  of  the  hydrogen  peroxide  radical  than  are  hydrocarbons. 
Absolutely  analogous  is  the  role  of  sulfurous  compounds.  Accumulation  of  peroxide 
compounds  passes  through  a  maximum,  advancing  for  pure  hydrocarbons  through  25-40 
hours  of  work  of  the  motor.  Position  of  maximum  depends  on  structure  of  hydro¬ 
carbons  of  oil  and  presence  of  inhibitors. 


Fig.  1.  Influence  of 
additives  on  change  of 
ceroxide  number  (motor 
IT9-2). 

a)  naphthene-paraffin 
hydrocarbons  of  industrial 
oil  50:  b)  industrial  oil 
50;  c)  oil  AS-10.7;  l) 
without  additive;  2)  with 
barium  cara-tert-octyl- 
phanolate;  3)  with  tributyl- 
phosphite;  4)  with  phenyl-e- 
naphthylamine . 

KEf:  (a)  Peroxide  number, 
milligrams  0o/l00  g  product; 
(b)  Time,  hours. 


The  dynamics  of  accumulation  of 
peroxides  in  oils  containing  additives 
ana  in  oals  without  additives  are 
essentially  distinguished.  In  Fig.  1 
is  shown  the  influence  of  additives  on 
change  of  peroxide  numbers  of  industrial 
oil  50,  naphthene-paraffin  hydrocarbons 
separated  from  it,  and  oil  AS-10.7 
during  the  work  of  motor  IT9-2;  the 
peroxide  numbers,  due  to  the  action  of 
additives,  decrease  by  2-3  times. 
Phenyl-a-naphthylamine  is  the  most 
effective;  effectiveness  for  barium  para- 

tera-octylphenolate  is  lower;  tri¬ 
butyl  phosphite  occupies  an  intermediate 
position.  The  presence  in  oils  of 
sulfurous  compounds  and  resinous 
substances  lowers  effectiveness  of  the 
additives. 


During  the  operation  of  a  motor  the  action  of  additives  decreases  in  time 
by  the  linear  law.  Data  obtained,  for  instance,  with  naphthene-paraffin  hydrocarbons, 
show  that  barium  para-tert-octylphenolade  abrades  faster  than  others,  and  the 


stablest  is  phenyl-a-naphthylanine .  Tributyi phosphite  occupies  an  intermediate 
position.  Consumption  per  hour  of  barium  para-tert-octylphenolate  in  industrial 
oil  50  is  around  l.U%  or  0.5  mmole/l,  and  in  oil  AS-10.7  it  is  1.05%  or  0.38  rrr.ole/l. 
The  expenditure  of  phenyl-a-naphthylamine  is  significantly  lower  (for  instance,  in 
industrial  oil  it  is  50  0.8$  per  hour  or  0.18  nr.ole/l).  Together  with  a  decrease 
of  effectiveness  of  additives  under  the  influence  of  sulfa  cus  compounds  and 
resinous  substances,  the  duration  of  the  action  of  additives  is  increased. 

During  comparison  of  data  obtained  on  motor  IT9-2  with  results  of  investigations 
carried  out  on  motor  GAZ-51  (in  stand  conditions)  and  on  motor  vehicle  GAZ-51  (in 
conditions  of  use),  it  was  shown  that  the  magnitudes  with  respect  to  which  are 
giver,  the  characteristics  of  changes  of  oils,  are  rather  close  for  these  motors 
and  the  regularities  of  the  dynamics  of  their  change  are  kept.  Somewhat  more  rigid 
conditions  in  using  oil  in  motor  GAZ-51  and  lower  specific  provision  of  oil  to  the 
oxidation  surface  (ratio  of  quantity  of  oil  in  crankcase  to  working  surface  of 
cylinders)  explain  the  fact  that  curves  of  peroxidation  for  GAZ-51  motors  lie  lower 
than  the  curve  for  motor  IT9-Z.  ...  crankcase  oil  of  rotor  vehicle  GAZ-51  is 


stored  somewhat  less  peroxide  compounds  than  during  bench  tests,  since  in  actual 
working  conditions  frequent  stops  of  motor  vehicles  are  combined  with  alternate 


cooling  and  heating  of  oil,  leading  to  a  st rencs..<..._ng  of  conversion  of  peroxices 


into  products  of  their  further  transformation 


As  a  result  of  the  destruction  of  hycrogen  peroxides  there  are  forced  oxy- 
compounds  belonging  to  the  class  of  alcohols  or  phenols,  ard  carbonyl  compounds 
containing  the  aldehyde  and  ketor.c  groups. 

During  the  operation  of  a  motor  in  oils  and  aromatic  hydrocarbons  separated 
from  them  will  be  forced  an  almost  identical  quantity  of  free  (not  es verified) 
c xy-compounds ,  whereas  in  naphthene-paraffin  hydrocarbons  will  be  forced  almost 
2  times  more  of  that  (Fig.  2).  According  to  the  character  of  generated  hydroxy- 


groups,  polycyclic  aromatic  hydrocarbons  very  strongly  differ  from  naphthene-paraffin 


hydrocarbons:  in  the  first  for  the  share  of  tertiary  alcohol  groups  around  16% 
is  necessary,  in  naphthene-paraffin  hydrocarbons  they  reach  to  65^. 


OH.% 


Additives  lower  content  in  oil  of 
oxy-cor. pounds  by  2Q-UQ%,  and  in 
naphthene-paraffin  hydrocarbons,  having 
the  highest  content  of  then,  by  60%. 
Phcnyl-a-naphthylaxine  decreases  the 


Fig.  2.  Formation  of 
oxy-conpounds  in  oil 
AS-10.7  and  of  separated 
structural-chemical 
groups  of  hydrocarbons 
during  operation  cf  rotor 
IT9-2. 

1 )  nauhther.e-caraf fin 
hydrocarbons;  2)  aromatic 
hydrocarbons;  3)  oil. 

K£Y:  (a)  Time,  hours. 

containing  aldehyde  groups  is  vary  ur.des 


content  cf  oxy-conpounds  in  industrial 
oil  50  by  LL%t  and  bariun  para-tert- 
octylphenolate  by  2l£;  the  effectiveness 
of  bariun  para-tert-octylphenolate  in 
oil  AS-10.7  is  the  sane  (2TO- 
The  fomation  of  compounds 
ruble,  since  they  present  a  potential 


source  of  neutral  resins  forming  as  a  result  of  reactions  of  condensation,  and 
carbonaceous  acids  forming  as  a. result  of  further  oxidation.  For  analytic  aw- 
tero.  nation  of  aldehydes  ir.  petrol  cun  products  containing  other  oxygen  compounds, 
a  special  argentonotric  ncthod  has  been  developed.  Use  of  it  nade  it  possible  so 
study  the  dynanics  of  accumulation  of  aldehydes.  It  turned  out  that  in  the  course 
of  50  hours  of  work  of  oils  in  a  motor,  the  content  of  aldehydes  in  then  is 
gradually  increased,  reaching  alsost  10%  of  the  total  quantity  of  carbonyl  compounds 
...  separate  structural-chemical  groups  of  hydrocarbons,  not  containing  tarry 
stances,  for  the  share  of  aldehydes  around  15-203C  is  necessary. 

A  large  distinction  is  observed  between  separate  types  of  additives  with 
respect  to  influence  on  formation  of  aldehydes.  Fhenyl-e-naphthylanine  sharply 
lovers  content  of  aldehydes;  barium  para-tert-octylphenolate,  on  the  contrary, 
stabilizes  aldehydes,  promoting  their  accumulation.  Therefore,  in  oils  from  this 
additive  the  content  of  aldehydes  was  almost  a  times  higher  than  in  oil  withou*  it. 


K: tones  are  a  basic  form  of  carbonyl  compounds,  forming  as  a  result  of 
disintegration  of  hydrogen  peroxides.  For  the  share  of  ketones  80-90^  of  the 
to  sal  quantity  of  carbonyl  compounds  which  form  is  necessary.  In  naphthene-paraffin 
hydrocarbons  v/ill  be  formed  twice  more  ketones  than  in  polycyclic  aromatic  hydro¬ 
carbons;  monocyclic  aromatic  hydrocarbons  occupy  an  intermediate  position.  The 
investigated  additives  lower  the  content  of  ketones  in  oils  by  2-3  times.  In 
Fig.  3  is  shorn  the  influence  of  additives  on  the  accumulation  of  aldehydes  and 
ketones  in  oil. 


r'arbonacecus  acids  are  formed  in  oils  as  a  result  of  further  oxidizing 
transformation  of  aldehydes  and  ketones.  The  dynamics  of  accumulation  of  acids 
in  oils  and  individual  hydrocarbons  have  already  been  shown  by  a  number  researchers 
Cl].  The  results  obtained  by  them,  just  as  the  data  of  other  investigations,  show 
that  during  work  of  a  motor  in  oils  will  be  formed  less  acids  than  in  hydrocarbons 
of  structural  groups.  Aromatic  hydrocarbons  are  rather  close  to  oils;  among  the 
latter  polycyclic  give  less  acids  than  monocyclic.  A  very  large  amount  of  acid 
products  of  oxidation  will  „e  Torn-d  when  a  motor  works  on  naphthene-paraffin 
hydrocarbons;  as  soon  as  1.5-3  hours  of  w'ork  of  the  motor  the  acidity  is  the  same 
as  oil  has  after  50  hours  of  work  in  a  motor.  Consequently,  naphthene- paraffin 
hydrocarbons  are  a  basic  group  of  compounds  yielding  acids  during  oxidation  of  oils. 
The  acids  which  fora  contain  a  significant  quantity  of  low-molecular  water-soluble 
acids.  This  indicates  that  they  are  products  of  oxidizing  destruction  of  hydro¬ 
carbon*.  This  process  id  the  most  energetic  in  polycyclic  aromatic  hydrocarbons; 
in  them  Water-soluble  acids  constitute  around  85^  of  the  total  quantity  of  acids. 
Mcr.ocyclic  aromatic  hydrocarbons  yield  acids  containing  around  y0%  water-soluble 
acids,  and  naphthene-paraffin  hydrocarbons  around  20%.  The  formation  of  acids  in 
oil  inhibits  the  presence  in  thus  not  only  of  resinous  substances,  but  also  of 
sulfurous  compounds. 
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Fig.  3-  Influence  of 
additives  on  change  of 
content  of  carbonyl 
compounds  in  industrial 
oil  50  during  work  of 
motor  IT9-2. 
a)  content  of  carbonyl 
aldehyde  groups;  b) 
Content  of  carbonyl 
ketone  groups;  c)  total 
content  of  carbonyl 
groups;  l)  without 
additive;  2)  with 
barium  para-tert-octyl- 
phenolate;  3)  with 
phenyl-a-naphthylanine . 
KEY:  (a)  Content  of 
carbonyl  compounds, 

(b)  Time,  hours. 


Fig.  4.  Influence  of 
additives  on  change  of 
ester  number  of  oils 
during  work  of  motor 
IT9-2. 

a)  industrial  oil  50; 

b)  oil  As-10.7;  l) 
without  additives;  2) 
with  barium  para-tert- 
octylphenolate;  3)  with 
phenyl-c-naphthylamine . 
KEY:  (a)  Ester  number, 
milligrams  KOH/g  oil; 
(b)  Time,  hours. 


The  acidity  of  oils  most  effectively 
drops  under  the  influence  of  barium 
para-tert-octylphenolate  (2-3  times) 
and  phenyl-a-naphthylamine  (almost  2 
times).  Tributylphospnite ,  although 


I  significantly  lowering  acidity,  still  has  a  significant  quantity  of  free  acids  in  it. 

* 

The  basic  form  of  oxygen  compounds  forming  as  a  result  of  multistage  oxidizing 


transformations,  are  esters. 


Among  them  the  most  important  are  esters  of  oxy-acids. 


represented  by  lactides,  lactones,  and  polyesters  (estolides).  Qxy-acids  serve 
as  source  of  formation  of  oil-insoluble  deposit  on  piston  and  rings  (vanish. 


|  carbon  deposits).  The  formation  of  esters  is  very  strongly  influenced  by  the 
{  structure  of  hydrocarbons.  During  oxidation  of  naphther.o-paraffin  hydrocarbons 
2.5  times  more  esters  will  be  formed  than  during  oxidation  of  aromatic  hydrocarbons 


And  3-4  tides  more  than  corresponding  oil.  Polycyclic  a politic  hydrocarbons  yield 

* 

approximately  20£  less  esters  than  nonocyelic.  Among  esters  the  basic  component 
toned  out  to  be  estsrs  of  oxy-acids.  Complex  esters  of  fatty  acids  are  secondary 
components. 

The  accumulation  of  esters  in  oils  under  the  influence  of  additives  may  be 
essentially  decreased.  In  Fig.  4  are  given  data  on  change  of  ester  numbers  under 
the  influence  of  additives.  Phenyl-a-naphthylamine  turned  out  to  be  the  most 
effective  additive  in  this  case.  Barium  para-tert -octyl phenolate  lowers  the 
content  of  esters  in  oils  by  30-50^,  while  in  sulfurous  oil  its  action  turned  out 
to  be  more  effective. 

In  not  one  of  the  experiments  we  conducted  did  we  discover  any  period  of 
induction  during  accumulation  of  products  of  oxidation  in  crankcase  oil,  i.e.,  to 
confirm  the  opinion  about  the  fact  that  the  action  of  additives  leads  to  increase 
of  period  of  induction.  Meanwhile  in  all  cases  we  observed  an  effect  of  inhibiting 
primary  and  secondary  processes  of  oxidation.  This  is  in  accordance  with  the  idea 
which  we  advanced  that  the  process  of  oxidation  is  essentially  influenced  by  the 
contact  of  the  thin  butyric  film  on  the  wall  of  cylinder  with  the  burning  fuel-air 
mixture.  For  confirmation  of  the  opinion  that  the  action  of  additives  leads  to  an 
increase  of  the  period  of  induction,  it  is  necessary  to  investigate  dynamics  of 
accumulation  of  products  of  oxidation  during  the  elementary  period  of  oxidation. 

On  the  basis  of  conducted  research  were  composed  so-called  multicomponent 
additives  possessing  sufficiently  high  working  properties  (barir  alkyl Fheno late 
with  sine  dithiophosphate,  barium  alkylphenolate  with  additive  tsiatim-339*, 
additive  tsiatim-339  with  DF-1  and  others).  Results  of  certain  tests  on  motor 
IT$-3  according  to  method  IDM-T-5  (VNII  NP)  of  oils  MX-22  (from  Baku  oils)  and 

*bd.  Note:  tsiatim  «■  Central  Scientific  Research  Institute  of  Aviation  Fuels 
and  lubricants.  The  additive  is  named  for  the  institute. 


o«  > 


1.1 


DS-11  (from  eastern  sulfurous  ells)  with  such  multicomponent  additives  are  given 
in  the  table. 
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Results  of  Tests  of  Oils  MK-22  and  DS-11  with  Different  Additives  on 


Kotor  IT9-3  According  to  Method  IDM-1-5  (VNII  NP) 


Oils  with  additive 


MK-22.... . 

MK-22  with  additive: 

tsiatim-339 . 

DP-1 . 

vnii  np-360 . 

vnii  np-371 . 

ncya . 

tsiatim-339 . 

DF-1 . 


r^n . 

DS-11  with  additive 

tsiatim-339 . 

tsiatim-339 . 

AFB . 


vnii  np-371 
vnii  np-371 


Santol 


to lube, 


fit 

i 

4» 

■H 

1 

S 

•ri 

Ash  content  of  oil 
with  additive,  % 

Color  of  deposit  on 
piston,  points 

Amount  of  deposit,  g 

Corrosion  of  lead 
plate,  g/m^ 

Motor  index 

On  piston 

In  l-st  groove 
and  on  l-st  ring 

In  2-nd  groove 
and  on  2-nd  ring 

sl 

II 

»  KC 

H  to 

— 

4 

3.7 

0.7 

0.4 

0.3 

1.8 

21.9 

3 

0.26 

2.5 

1.6 

0.4 

0.2 

0 

3.7 

10.5 

3.5 

0.28 

2.5 

1.8 

0.4 

0.1 

0 

1.0 

9.4 

3 

0.45 

4.0 

2.5 

0.5 

0.3 

0.3 

1.5 

17.7 

3 

0.44 

4.5 

3.5 

0.5 

0.4 

0.3 

4.6 

20.5 

10 

1.70 

1.5 

1.0 

0.4 

0 

0 

0 

6.5 

l » 

0.42 

1.5- 

0.8 

0.2 

0 

0 

1.2 

4.3 

2.0 

It 

1.2 

1.0 

0.7 

0.2 

0.1 

0 

— 

4.7 

3» 

1.35 

1.0 

0.5 

0.1 

0 

0 

3.5 

2.9 

— 

4.5 

1.47 

0.37 

0.16 

0.07 

3.7 

13.2 

3 

— 

2 

1.21 

0.33 

0.16 

0.01 

2.9 

9.0 

3 

— 

1.0 

0.99 

0.23 

0.10 

0 

1.2 

5.8 

2 

— 

6 

— 

3.0 

1.51 

0.36 

0.20 

0.01 

4.1 

11.6 

3 

3 

— 

0.5 

0.36 

0.06 

0.02 

0 

12.5 

*.0 

19.6 

3 

0.5 

0.10 

0 

0 

0 

0 

0.9 

As  tests  have  shown,  the  composition  of  additives  tsiatim-339  and  DP-1 


significantly  increased  the  working  properties  of  oil  as  compared  to  indices 
obtained  in  those  cases,  when  each  of  these  additives  was  applied  independently. 


Oil  DS-11  with  a  two-component  composition,  composed  from  additives  tsiatim-339 
and  AFB,  also  showed  very  high  working  properties.  Further  tests  of  this 
composition  on  tractor  motors  confirmed  the  obtained  data. 

Oil  MK-22  with  the  proposed  combination  of  additives  tsiatim-339  and  DF-1 
was  tested  on  a  forced,  thermally  very  stressed,  special-duty  motor,  where  positive 
results  were  obtained.  Further  research  showed  that  addition  of  sulfonate  type 
(FMS  )  badly  is  combined  with  phosphorous-containing  additives,  but  gives  very 

ya 

good  results  in  composition  with  additive  vnii  n  p-371. 
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CHAPTER  V 


RESEARCH  METHODS  FOR  ADDITIVE  EFFECTIVENESS 


COMPLEX  or  METHODS  TO  APPRAISE  THE  EFFECT  OP  ADDITIVES 
ON  THE  WORKING  PHOFERTIES  OF  MOTOR  OILS 


R.  K.  Ptpok,  A.  P.  Zarubin,  B.  S.  Zuseva,  V.  P.  Danilin, 

G.  V.  Zakharov,  Te.  G.  Kuznetsov,  and  A.  G.  Sla vinskiy 

Solving  the  noat  complicated  problem  of  quality  and  application  of  oils  and 
additives,  the  fastest  creation  of  high-quality  sorts  of  then  and  putting  then  into 
use,  and  also  improvement  of  existing  sorts  of  oils  and  additives  —  all  this  first 
of  all  depends  on  methods  which  give  possibility  in  short  periods  with  snail 
expenditures  of  investigated  oils  of  reliably  estlnatlng  their  working  properties. 

In  developing  methods  of  appraising  the  quality  of  oils  and  additives  very 
little  is  yet  done.  With  the  exception  of  several  organizations  (VNII  HP,  RAKI, 
RATI)  [VNII  NF :  All-Union  Scientific  Research  Institute  on  Processing  Fetroleun 
and  Gas  and  Production  of  Artificial  liquid  Fuel;  KAMI:  Scientific  Research 
Automobile  and  Autocotive  Institute;  RATI:  State  United  Scientific  Research 
Tractor  Institute)  almost  no  one  is  working  in  this  field. 

Fbr  full  appraisal  of  working  properties  of  oils  and  additives  it  is  necessary 
to  dispose  the  following  three  complexes  of  aethotfs: 

1)  laboratory  methods; 

2)  methods  of  bench  tests  on  or.e-cyl lnder  (with  real  cylinder)  and  on  foil- 
measured  motors; 


3)  methods  of  field  tests 


laboratory  Methods 


A  complex  of  laboratory  methods  have  been  developed  which,  in  our  opinion,  can 
bo  applied  for  faat  appraisal  of  working  properties  of  oils  and  additives. 

Tbs  complex  of  laboratory  methods  includes: 

a)  micro-methods,  through  which  with  expenditure  of  only  10  nl  of  oil  we  can 
detomine  its  thermal  properties  and  fractional  compositions 

b)  Methods  of  test  on  rodel  installations,  which  give  possibility  with 
expenditure  of  0.5  liter  of  oil  to  evaluate  its  washing  and  crankcase*  properties} 

e)  Methods  of  testing  one-cylinder  installations  of  the  type  IT-9,  and 
especially  primary  Motor  test  on  IT9-5  according  to  method  CSK-20  [GSM:  Fuels  and 
Lubricants],  which  give  possibility  with  expenditure  of  2.5  liters  of  oil  to 
estimate  its  lacquer  deposition  and  corrosion  properties,  and  also  coordination  of 
oil  and  additive  and  test  on  IT9-3  to  evaluate  the  scale  forning  ability  of  oil  in 
combination  with  fuel. 

Let  us  consider  each  of  these  methods  in  greater  detail. 

Klcro-Methode 

Along  these  are  determining  th'-mooxidising  stability  and  coefficient  of 
laeqper  deposition  of  oil  {GOST  4953-49  and  GOST  9352-60)  (OCST:  All-Uhion 
Govemnent  S.^ndard],  determining  volatility  of  ita  working  fraction  and  formation 
of  'acqoer  (GOST  5T37-53)*  and  determining  fractional  composition  by  means  of 
thlm-laysr  evaporation  of  oil  (GOST  8674-58);  furthermore,  among  micro-methods  are 
aonetandardiced  methods  of  determlnir*  the  critical  temperature  of  lacquer  deposi¬ 
tion  amd  scale  properties  of  oils  baaed  on  using  standard  equipment. 

•Here  and  later  the  author  uses  a  new  term,  "crankcase  properties,"  having  in 
mind  certain  indices  of  the  quality  of  processed  oil  characterising  the  aging  of 
oiling  the  crankcase  system  of  lubrication.  Since  corrosion,  sedimentation  and 
volltility  are  not  the  only  or  sufficient  criteria  deteimining  the  oil's  resistance 
to  aging,  the  right  to  use  this  term  in  this  case  is  discussed.  (Ed.  note). 
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The  critical  temperature  of  lacquer  deposition  shows  at  what  temperature 
starts  intense  transformation  of  oil  into  lacquer  deposit,  i.e.,  determines  the 
temperature  limit  at  which  it  is  still  expedient  to  use  the  oil. 

For  the  critical  temperature  of  lacquer  deposition  we  take  the  temperature 
at  which  the  oil  tested  according  to  method  of  GOST  5737-53  will  form  %  lacquer. 

The  method  of  determining  the  scale  properties  of  oil  serves  to  evaluate  the 
high-temperature  properties  of  oils  and  additives.  Essentially  it  consists  of 
the  following. 

Aluminum  cups  with  0.2  g  suspension  of  oil  each  are  placed  in  a  lacquer 
depositer  at  400°  until  the  oil  is  transformed  into  a  carbon  deposit.  Difference 
in  weight  of  the  cups  before  the  experiment  and  after  it  expressed  in  percents  of 
the  oil  suspension  are  taken  as  an  index  of  scale  properties  of  oil. 

Using  the  offered  micro-methods,  with  expenditure  of  10  ml  of  oil  at  most  it 
is  possible  to  make  a  preliminary  judgement  on  its  following  properties: 

a)  about  antioxidant  properties  of  oil,  appearing  in  film  at  high  temperatures, 

i.e.,  on  effectiveness  of  the  action  of  antioxidant  (passive)  additives,  on 

« 

inclination  of  oil  to  lacquer  deposition  (with  what  speed,  what  quantity  and  at 
what  temperature  is  the  oil  turn id  into  laccuer); 

b)  about  the  fractional  composition  of  oil; 

c)  about  the  high-temperature  properties  of  oil,  i.e.,  on  inclination  of  oil 

to  fr 

2  and  3  are  given  the  changes  of  working  properties  of  different 
oils  under  the  effect  of  additives  determined  by  above-mentioned  methods. 


Table  1.  The  Effect  of  Additives  on  the  Working  Properties  of  KS-20  and 

MC-22  Oils 


MS-20  (Grozny) . 


MS-20  KKZ  with  additives 

3*  tsiatin-339 . 

4.5*  IP-22k . 

6*  vnii  np-360 . 


22 

22 

3* 

3* 

4. 

6* 

il 


as-9.5  m a . . . 

AS-9.5  NKZ  with  additives: 
3*  tsiatin-339  and  1* 

asnil-tsiatin-l . 

3%  tsiatin-339 . 

4.5*  IP-22 k . 

6*  vnii  np-360  and  3*5* 
OP-1 . 


• 

Vt  Ji 

!a 

e  • 

sj 

& 

W 

*» 

M 

a 

4 

5* 

55 

13 . 

E  jo  • 

t*  «> 

•  -H 

II 

o  u 

2  5 

V.  ore 

?ta 
3a . 

P  ■  <M 

?  «  ° 

*3 

Was 

pro 

PZV 

255  37 

250  43 

255  57 


0.5— 1.0 


Table  3.  The  Effect  of  Additives  on  Working  Properties  of  DS-11  Oil 


Motoi 
at  2‘ 

r  properties 
£• _ 

o 

0 

•H  9 
r-i  ** 

+» 

-H 

■  ■  a 

a 

W  -H 

l 

Oil 

m 

K 

*» 

w4 

a 

*» 

3 

Working 
fraction,  % 

V 

* 

u 

• 

& 

3 

Critical 

temperature. 

<H  9 

5* 

Vi 

E  oi 

• 

« 

a 

* 

u  o 

0*(M 

o 

3* 

Coefficient  o 
lacquer  depos 

a> 

ESI 

gim 

•H  a) 

a  2  -5 

«  a 

DS-11 . 

DS-11  with  additives: 

69 

28 

3 

250 

29 

32 

1.1 

4.0—4. 

3<  aznii-taixtim-l . 

12 

24 

4 

245 

29 

28 

1.0 

— 

3 t  aznii-tsiatim-339 . 

67 

33 

0 

260 

55 

22 

0.4 

1.0 

4.5<  IP-22k . 

63 

37 

0 

260 

70 

20 

0.2 

0.5 

6%  vnii  np-360 . 

5-  Gintset  (German 

60 

40 

0 

280 

100 

16 

0.2 

0.5 

Democratic  Republic) . 

68 

32 

0 

275 

74 

20 

0.3 

0.5 

10%  K-120  (Hungary) . 

68 

32 

0 

255 

32 

26 

0.8 

2.0 

yi  bartiol  (Czechoslovakia) 
3 t  Bartiol  alkaline 

60 

40 

0 

280 

112 

16 

0.2 

1.0 

(Czechoslovakia) . 

60 

40 

0 

280 

100 

18 

0.2 

2.5 

3t  Zintiol  (Czechoslovakia) 
3*  Zintiol  2p 

63 

37 

0 

280 

105 

18 

0.18 

1 

0.5—1.' 

(Czechoslovakia) . . 

64 

36 

0 

280 

100 

20 

0.2 

2.0 

Test  Methods  on  T'odel  Installations 


As  model  installations  for  appraisal  of  working  properties  of  oils  both  in 
pure  foro  and  also  with  additives  it  is  suggested  to  U3e  PZV  and  PZZ  installations. 

On  PZV  in:  ".allation  according  to  method  of  COST  5726-53  one  can  estimate  the 
washing  properties  of  oils.  On  this  installation  their  emulsifying  ability  can 
also  be  determined. 

The  emulsifying  ability  of  oils  is  estimated  according  to  method  developed  by 
A.  B.  Tipper,  which  consists  of  the  following. 

On  the  PZV  installation  under  the  conditions  of  COST  5726-53  Tor  30  minutes 
test  250  ml  of  oil.  Then  mix  the  oil  with  water  in  a  3:1  ratio  and  in  a  special 
instrument  for  emulsification  mix  at  30  for  30  sec  (mixer  1000  rpa).  The  formed 
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Fig.  1.  General  riew  of  PZZ  Installation. 


I  Pbr  appraisal  of  crankcase  properties  of  oil  installation  PZZ,  in  which  the 

(basic  conditions  of  work  of  oil  in  lubricating  system  of  motor  are  simulated,  is 

recosiue  nded » 

i 

|  The  PZZ  installation  (Fig.  1)  consists  of  expenditure  tank,  into  which  the 

test  .  oil  is  poured,  a  BNK-12AK  pur.p,  put  into  motion  by  electric  motor,  a 
cassette  with  six  lead  and  two  copre;-  plates.  The  walls  of  tank  and  the  test  oil 
are  heated  and  kept  at  a  constant  temperature  with  the  help  of  electric  heater. 

| 

Installation  has  a  elossd  oil  system,  along  which  the  oil  circulates  from  the  tank, 
through  the  cassette  and  again  to  the  tank,  where  it  is  sprayed  on  its  heated  walla. 
Testa  are  conducted  under  the  following  conditions: 


Quantity  of  tested  oil ,  ml . . . . 250 

Duration  of  test,  hours... . . .  2 

Temperature  of  oil  (before  entrance  into 

cassette),  *C..... .  150 

Speed  of  circulation  cf  oil,  liter/hr .  125 

QuarMty  of  air,  proceeding  In  suction 
-  main  line  of  oil  system,  1  i‘  er/hr .  50 


After  termination  of  test  pour  the  oil  from  tank  and  system  of  installation. 
Estimate  the  results  of  test  according  to  the  following  indices:  corrosion 
properties,  which  are  determined  by  change  of  weight  in  g/m2  of  all  lead  plates 
(taken  totally)  during  the  testj  the  quantity  of  products  of  contamination  in 
volume  percents,  accumulated  in  the  oil  (sedimentation),  which  is  determined  by 
dilution  of  tested  oil  by  isooctane  with  subsequent  centrifuging  of  mixture; 
•volatility  of  oil,  determined  by  the  difference  of  quantity  of  oil  before  and  after 
the  test. 


Table  4.  Crankcase  Properties  of  Oils  in  Pure  Form  and  with  Additions 

on  the  PZZ  Installation 


Viscosity 
Vjq,  centi- 
stokes 

Acidity  mg  KOH/g 

Crankcase  properties 

Oil 

Before 
the  test 

After 
the  test 

Before 

the 

test 

After 

the 

test 

Corro¬ 

sion, 

g/m2 

aJ 

m 

& 

V. 

<d  -h 

o3 

>  -tJ  V. 

Baku . 

1 

6.5 

9.0 

0.01 

6.O3 

89 

1.4 

18 

Tuymacinskiy . 

6.2 

6.7 

0.01 

1.51 

26 

6.2 

14 

Anastasyevskiy  deep 

16.9 

14.0 

24 

purification . 

8.5 

0.03 

5.98 

224 

The  sane  with  additives: 

1 

0.05*  PCh-16 . 

8.5 

16.4 

0.03 

7.11 

164 

6.8 

24 

0.05*  ISA . 

8.5 

15.1 

0.03 

6.21 

143 

13.0 

24 

0.05*  F0A-2 . 

8.5 

12.6 

0.03 

3.05 

72 

6.2 

24 

1.5*  IP-22k . 

8.5 

10.4 

0.03 

0.29 

47 

1.4 

22 

0.5*  ionola . 

8.5 

9.3 

0.03 

0.03 

0.3 

0.6 

20 

Tuynazinskiy  transformer 

8.6 

10.8 

0.02 

3.89 

26 

6.8 

18 

Baku  transformer.. . 

8.8 

12.8 

0.03 

4.28 

115 

6.6 

20 

Industrial  50 . . 

46.8 

66.2 

0.12 

1.34 

130 

4.0 

14 

The  sane  with  additives: 

3*  tsiatim-339 . 

46.8 

55.5 

0.00 

0.28 

5 

Traces 

14 

6*  vnli  np-360 . . 

46.8 

50.1 

0.00 

0.04 

0.0 

Traces 

15 

lubricating  oil  AJ-5  I1KZ 

22.8 

27.8 

0.03 

1.33 

87 

2.0 

16 

The  same  with  additives: 

3.5*  DF— 1 . 

«.«.  •  0 

23.8 

0.00 

0.03 

0.5 

Traces 

17 

4*  vnii  np-36l . 

22.3 

23.6 

0.00 

0.02 

0.0 

Traces 

18 

DG-11  f-KZ . 

74.6 

80.9 

0.01 

0.23 

38 

Traces 

10 

Rir.ul  a -30 . . 

o9.0 

c>9.6 

0.00 

0.00 

0.0 

0 
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Besides  determining  these  indices,  a  physical  chemistry  analysis  of  the 
processed  oil  is  produced  (determination  of  viscosity,  acidity,  and  others). 

Table  4  shows  the  change  of  crankcase  properties  of  different  oils  under 
the  effect  of  additives. 

Test  Methods  on  One-Cylinder  Installations  of  Tyre  IT-9 

Test  of  oils  and  additives  on  one-eylind<»r  installations  of  type  IT-9  gives 
possibility  of  quickly  obtaining  the  results  with  insignificant  expenditures  of 
test  samples. 

For  this  purpose  it  is  recoraended  to  use  installation  IT9-5  and  IT9-3*  the 
first  —  for  appraisal  of  lacquer  deposition  and  corrosion  properties  of  oils, 
the  second  —  for  appraisal  of  scale  forming  properties  of  oils  in  combination 
with  fuel. 


Primary  Kotor  Test  of  Oils  on  Installation  IT9-5 
According  to  Method  of  GSM-20 


Primary  motor  test  of  oils  is  first  checked  on  motor  of  results  of  laboratory 
physical  chemistry  research  before  transmission  of  sample  for  test  on  full-scale 
motor. 

Earlier*  we  presented  changes  introduced  in  construction  and  equipment  of 
installation  "T9-5,  due  to  which  it  is  possible  to  use  it  for  appraisal  of  lacquer 
deposition  and  corrosion  properties  of  oils. 

Tests  according  to  the  GSK-20  method  are  conducted  under  the  following 
conditions. 


quantity  of  tested  oil,  kg . .  2 

Duration  of  test,  hours .  5 — 20 

Number  of  engine  revolutions,  rpm . 1200 

Temperature  in  combustion  chamber,  *C .  500 

Temperature  of  liquid  coolant,  #C .  220 

Temperature  of  oil  in  crankcase,  ®C .  100 


Speed  of  oil  circulation  system  liter/hr....  100 
Discharging  in  crankcase,  im  of  water  column  30 


•Chemistry  and  technology  of  fuels  and  oils,  f’o.  2,  1959. 
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Th-  lacquer  deposition  property  of  oils  is  estimated  by  the  degree  of 
contamination  of  lateral  surface  of  piston  by  lacquer  deposit  after  the  5-20  hour 
test. 

O**1**®  °f  contamination  of  piston  is  determined  with  the  help  of  special 
scale  ruler  or  photometer  and  expressed  in  percents  (from  0  to  100)  of  the  area 
of  lateral  surface  of  piston  covered  by  black  lacquer.  The  degree  of  contamination 
of  a  piston  completely  covered  by  black  lacquer,  is  taken  as  100£,  and  of  a  clean 
piston  as  0^. 

The  corrosion  properties  of  oils  are  estimated  by  change  of  weight  of  lead 
plat»s  placed  in  special  cassette  during  the  t  ,t  and  expressed  in  g/m^. 

The  results  of  tests  of  oils  with  different  additives  on  installation  IT9-5 
according  to  the  G5M-20  method  are  give-  *  Tables  5  and  6. 


Table  5.  Results  of  Test  of  Oils  in  hire  Fora  According  to  the  GSM-20  Method 


1 

1 

Viscosity, 

centistokes 

| 

* 

u 

f-t 

i 

Corrosion  after 

10  hours,  g/mr 

Oil 

o 

o 

& 

3 

1 

1 

* 

K 

■•H 

T3 

•ri 

V 

< 

Vi 

— 

e 

M 

O 

O 

Formation  of  l 
lacquer  after 
hours,  % 

F.fficiency,  he 

KS-20  Grozny . 

136.9 

20.07 

0.0094 

0.28 

100 

5 

50 

155.7 

22.7 

0.0067 

0.67 

80 

10 

45 

HT-16  far.ba . 

—— 

16.7 

0.15 

0.50 

100 

5 

60 

HT-16  NK Z . 

119.7 

17.33 

0.0056 

0.35 

55 

12 

20 

Diesel  NKZ . 

— 

~ 

— 

— 

65 

8 

70 

Industrial  50 . 

49.01 

8.39 

0.13 

0.064 

65 

9 

85 

AS-9.5  NKZ . 

51.56 

9.43 

O.C32 

0.23 

75 

9 

50 

AS-5 . 

-- 

7.2 

1 

100  (in 

4  hours) 

4 

60 

D-ft  NKZ . 

36.6 

7.79 

0.33 

0.05 

85 

7 

18 

D-ll  NKZ . 

~ 

10.5 

— 

0.31 

85 

“ 

— 

-134 


Table  6.  Results  of  Test  of  Oils  with  Additives  According  tc  the  GSK-20  Method 


Oil  • 

Formation  of  black  lacquer, 

_ < _ 

Corrosion 

g/m2 

After  5 
hours 

After  20  hours 

KT-16  NKZ . 

55 

100  (after  12  hours) 

20 

Thj  same  with  additives: 

4.5*  IP-22 . 

20 

40 

0 

6%  vnli  np-360 . 

30 

50 

0 

2.5*  tsiatim-339  and  1.0*  aznii- 

tsiatim-1 . . . 

35 

100 

6.0 

KT-16  Fhba . . . 

100 

— 

60 

The  same  with  additives: 

3*  aznii-4 . 

100 

— 

0 

3*  aznii-tsiatim-1 . 

35 

100 

1.0 

3*  tsiatim-339 . 

35 

70 

18 

PSp-U  Ufim . 

20 

35 

1.7 

DS-8  !IKZ . 

85 

100  (after  ?  hours) 

18 

The  same  with  additives: 

0.5*  Iubrizol  1060  and  1.7*  lubrizol 

612 . 

25 

40  (after  15  hours) 

10 

SAS-30HD . 

15 

35  (after  15  hours) 

0.2 

Rimula-30 . 

0 

5 

0 

Determining  the  Scale  Foming  Ability  of  Oils 
According  to  the  PZI  Method 


To  evaluate  the  scale  forming  ability  of  diesel  fuels,  kerosene  and  lubricating 
oils  tne  PZI  method  founded  on  application  of  one-cylinder  installation  IT9-3  is 
suggested. 

Test  under  the  following  conditions. 

Number  of  engine  revolutions,  rpn .  900 

Compression  ratio . . . . .  14 

Temperature  of  liquid  coolant,  °C . .  100 

Tenperature  of  oil  in  crankcase,  #C . 50—65 

Temperature  of  water  cooling  the  burner,  *C .  38 

lead  angle  of  fuel  injection,  deg.  (before  v.m.t.)  13 

Pressure  of  fuel  injection,  kg/an2 .  106 

Quantity  of  injected  fuel,  ml/min .  13 

To  evaluate  the  scale  forming  ability  of  one  sample  of  oil  conduct  four  five- 
minute  tests. 
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Estimate  the  scale  formation  by  the  quantity  of  scale  forming  on  special 
alunimsn  scalers,  which  are  placed  in  the  precombustion  chamber  of  the  motor 
during  the  test. 

Since  in  the  preconbustion  chamber  of  the  motor  of  the  IT9-3  installation 
the  lubricating  oil  practically  does  not  get,  the  scale  forming  on  the  scalers, 
will  have  purely  fuel  origin.  Therefore,  to  evaluate  the  scale  forming  ability  of 
oils  test  then  mixed  with  fuel-  in  relationship  (in  volume  percents)  of  100£  fuel 
♦  yi  oil. 


Pig.  2.  Scale  forming 
ability  of  TS-1  fuel 
with  different  oils 
added. 

1)  MK-22;  2)  DS-11;  3) 

DS-8;  4)  AKZ  -6. 

KEY:  (a)  Scale,  milligram; 

(b)  on,  %. 

As  fuel  use  TS-1  or  white  alcohol. 


The  effect  of  different  oils  and  additives  on  scale  formation  is  shown  in 


Pigs.  2,  3  and  4. 


•13<; 


Pi*.  3.  The  effect  of  oils  on  scale  forming 
ability  of  TS-1  fuel. 

KEY*  (a)  Scale,  milligram;  (b)  Oil;  (e)  fuel 
TS-1;  (d)  Industrial  50;  (e)  DS-8;  (f)  Diesel 
from  Orsk  factory;  (g)  HT-16p  ?1KZ;  (h)  MT-16 
JOCZj  (i)  Prom  Zhirhovsk  oils;  (j)  Prom 
Karachukhursk  and  Surakhansk  oils;  (k)  From 
Grozny  oils;  (l)  From  eastern  oils;  (m)  MK-22. 


(b)  c  3\ 
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H,.  4.  Scale  forming  ability  of  fuels  with 
DS-8  oil  and  diff^nt  additives. 

K at  (a)  Scale,  milligram;  (b)  *3*  DS-8  oil 
with  3 1  additive;  (c)  Diesel  fuel  S  •  1$ 
the  same  after  water  cleaning  S  *  0<;  (d) 
Without  additive;  (e)  VNII  NP-361;  (f)  DP-1; 
(g)  Niks;  (h)  Azniitaiatim-1;  (i)  NG-102; 

(J)  Taiatim-339;  (k)  IP-22. 


Test  of  Oils  on  One-Cylinder  Installat ion  OP-9 


toe-cylinder  installation  OD-9  with  cylinder  of  powerful  full-scale  diesel 
engine  is  well-known  since  it  is  widely  used  for  preliminary  tests  of  fuels  and 
oils. 


At  present  the  following  method  is  applied  tc  evaluate  the  tendency  of  oils 


to  contaminate  pistons  by  lacquer  deposit. 


Duration  of  test,  hours .  10 

Quantity  of  tested  oil,  kg .  15 

Jtaber  of  engine  revolutions,  rjm . 1800 

Angle  of  start  of  fUel  feed,  deg.  (to  v.m.t.)....  31 

Temperature  of  liquid  coolant  (at  output)  °C . 140 

Temperature  of  oil  (at  the  motor  output)  *C . 100-105 

Speed  of  oil  circulation,  kg/hour . 430/450 


lacquer  deposition  on  piston  after  test  is  estimated  in  points  by  the  standard 
color  scale  in  accordance  with  GOST  5726-53* 

Furthermore,  the  weight  of  the  deposit  on  piston  and  rings,  and  also  quantity 
of  lacquer  deposit  on  special  "witnesses”  placed  on  piston  is  evaluated. 


Evaluating  the  Working  Properties  of  Oils  with  Additives 
by  the  First  Complex  of  Methods 

Faeh  of  the  methods  included  in  first  complex  can  have  independent  value  in 
solving  these  or  other  questions.  Fbr  instance,  to  determine  the  antioxidant 
properties  of  oil  it  is  sufficient  to  use  only  thenaooxidlsing  stability. 

Using  all  the  methods  of  first  cor.pl ex  on  the  whole  gives  possibility  of 
reliably  estimating  the  basic  working  properties  of  oil. 

Below  we  give  the  results  of  check  by  first  complex  of  methods  of  KT-16  oil 
both  in  pure  form  and  with  the  well-known  additives  tsiatim-339,  vnil  np-360  and 
IP-22k  (Table  7). 


Tabic  7*  Evaluating  the  Working  Properties  of  Oils  with  Additives  by  the 

first  complex  of  methods 


Oil  KT-16  Ml 

Index 

Without 

tilth  additive 

additive 

7% 

tsiatim- 

339 

6* 

vnil  np- 
360 

4.5* 

IP- 22k 

Kotor  properties: 

40 

Volatility,  % . . . . 

51 

48 

40 

Working  fraction,  % . 

47 

52 

60 

60 

lacquer,  t . 

2 

0 

0 

0 

Antioxidant  properties: 

Critical  temperature,  °C.. . 

225 

265 

270 

270 

Thermooxid ix ing  stability  at 

260 *C,  minutes . 

34 

39 

62 

71 

Lacqueq  deposit  at  260*,  < . 

41 

35 

25 

28 

Coefficient  of  lacquer  deposition 

1.2 

0.9 

0.4 

0.4 

Washing  properties  per  iZV  points 

3.0— 3.5 

— 

0.5— 1.0 

0.5— 1.0 

Scale  properties,  % . 

6.0 

6.8 

7.9 

5.8 

Crankcase  properties: 

Corrosion,  g/sr . 

19 

1.6 

1.6 

1.1 

Deposit,  % . 

Absence 

Traces 

absence 

Traces 

Volatility,  % . . . 

12 

10 

12 

10 

Primary  motor  test  according  to 

GSH-20: 

formation  of  black  lacquer  on 
piston,  %i 

after  5  hours . 

55 

35 

30 

20 

after  20  hours . 

100 

90 

50 

40 

Cotrosional  properties  after  10  hours. 

«/* . 

18 

6 

0 

0 

Comparison  of  results  obtained  by  methods  of  first  complex  with  results  of 
test  of  these  oils  on  one-cylinder  installation  00-9  with  full-scale  cylinder  and 
on  foil-scale  motor  (Table  8)  shows  good  coordination  between  them. 


Table  8.  Results  of  Test  of  KT-16  Oil  with  Additives  on  Motors 


• 

Oil  MT-16  RKZ 

Index 

Without 

With  additive 

6* 

vnii  n^-360 

IP-2lk 

additive 

Test  on  one-cylinder  installation  OD-9 


Appraisal  of  lateral  surface  of  piston  by 
PZV,  points . 

4. 5—5*0 

1.5— 2 

I  Deposit  on  piston,  g . . 

2.7 

2.7 

|  •  Deposit  on  piston  rings,  g . . 

0.47 

0.15 

Deposit  on  ''witnesses",  milligram . 

25 

13 

Test  on  fill-scale  motor  (fuel  S  * 

0.97*) 

Total  quantity  of  scale  on  pistons,  g . 

Piston  rings: 

Coked. ................................ 

170.4 

1 

Dense. ................. _ _ _ _ 

1 

Scale  on  rings,  g . . . 

— 

0.277 

2.0— 2.5 
2.9 
0.13 
7 


41.7 

0 

0 

0.134 


Conclusions 

1.  It  is  recommended  to  preliminarily  evaluate  the  working  properties  of 
oils  and  additives  by  the  first  complex  of  laboratory  methods,  including: 

a)  Micro-methods  —  to  determine  the  therral  properties  and  fractional 
composition  of  oils  (with  expenditure  of  10  ml  of  oil); 

b)  Test  on  PZV  and  PZZ  model  installations  to  determine  the  washing  and 
erankcase  properties  of  oils  (at  expenditure  of  0.5  liters  of  oil); 

c)  Test  on  one-cylinder  installations  TT9-5  and  TT9-3  to  determine  the 
lacquer  deposition,  scale  forming  and  corrosion  properties,  and  also  coordination 
of  oils  and  additives  (at  expenditure  of  2.5  liters  of  oil). 

2.  To  father  improve  the  methods  of  evaluating  the  working  properties  of 
oil  it  is  necessary  to  develop  work  in  this  direction  in  scientific  research 
institutes  and  factory  laboratories. 


3*  Scientific  research  institutes  solving  problems  of  quality  and  application 
of  oils  and  additives  must  create: 

a)  A  laboratory  of  Soviet  methods  of  evaluating  the  working  properties , 
ensuring  timely  mastering  and  use  in  research  works  of  new  methods  of  working 
properties; 

b)  A  laboratory  of  foreign  methods  of  evaluating  the  working  properties, 
ensuring  timely  mastering  of  new  foreign  methods  and  comparison  of  foreign  methods 
with  Soviet. 

A.  It  is  necessary  that  the  Committee  of  Standards,  Measures  and  Measuring 
Instruoents  of  the  Council  of  Ministers  of  USSR  in  standardizing  new  methods 
ensures  the  issue  of  equipoent  and  instruments  (let  this  be  even  in  minimum 
series)  for  introduction  of  standardized  methods. 


RADIOTHACEH  KETHODG  OF  RESEARCH  OF  PUTICTICTAL 
PROPJ2TCE5  OF  OHS  KITH  ADDITIVES 

To.  S.  Zaslavskiy,  0.  I.  Shor,  R.  H.  Shneyerova,  F.  B.  Lebedeva, 

I.  A.  Moivaon,  D.  V.  Ryabova,  A.  P.  St akin,  To.  V.  Yevstigneyev, 

F.  F.  Yurchenko,  and  V.  Ya.  Rishnlk 

mi  hp* 

Radiotracer  Fethod  of  Research  of  Dispersing  Properties 

of  Olio  with  Additives 

Boca—  of  the  high  sensitivity  of  cethod  of  radioactive  tracers  the 
development  of  short-torn  laboratory  cethods  of  investigating  the  working 
properties  of  oils  with  additives  beeane  possible. 

Works  published  In  recent  years  (1-4]  end  dedicated  to  the  study  of  the 
connection  of  dispersing  action  of  additives  with  electronkinetic  processes  gave 
the  possibility  of  obtaining  new  interesting  data  about  the  action  of  these 
additives. 

The  vail  a p  developed  a  radiotracer  antfaod  of  studyliq;  eleetroklnetlc 
processes  combined  with  aechanlse  of  action  of  certain  dispersing  additives  to 
aotor  oils.  The  peculiarity  of  this  a*»thod  Is  the  use  of  counters  of  radioactive 

a 

radiation  sl—ltanosnaly  both  as  electrodes  to  eruate  an  electrical  field  aad  fbr 
registration  of  shift  of  labeled  dispersed  pbtse. 

"  *The  All-Onion  Scientific  Research  Institute  oa  Processing  Fetroleun  aad  Gas 
sad  Production  of  Artificial  liquid  Fbel. 


Fig.  1.  Experimental  instal¬ 
lation  for  radiotracer  research 
of  clectroklnetie  processes  and 
sedimentation  in  dispersed  system 
1)  class  cylinder}  2.  3)  beta- 
counters  T-25-8Ft|  L)  electron 
tentioneter}  5)  microanrteter; 
VSM|  7)  BBS}  S)  banboo. 


Soot,  simulating  the  dispersed 
phase,  —  a  product  of  oxidation  of 
oil  and  combustion  of  fuel,  —  is 
labeled  by  radioactive  isotope  Tl*0*. 
This  isotope  was  selected  because  it 
has  a  sufficiently  long  half-life 
(3*5  years)  and  possesses  only  beta 
radiation  with  energy  of  0.76  Fee. 

This  last  enables  us  with  great 
effectiveness  to  record  the  appearance 
of  narked  particles  in  a  given  narrow 
sons.  The  soot  is  activated  by  Tl20^ 
by  wotting  its  suspension  with  a 
solution  of  thalliue  chloride  (activity 
1-2 s  (sc))  with  subsequent  washing  by 
distilled  water  and  drying.  The  dried 
radioactive  soot  is  introduced  into 
30  g  investigated  base  oil  to  obtain 


a  tracer  dispersed  system.  In  carrying  out  the  experiment  into  the  sample  of  oil 
with  additive  we  Introduced  1  aP  of  the  tracer  dispersed  system  preliminarily 
treated  by  ultrasonics  with  frequency  of  20  kilocycle  far  1  hour.  Optimum  duration 
of  treatment  was  selected  experimentally.  Diagram  of  experimental  installation  is 
'town  in  Fig.  1*  Installation  consists  of  a  glass  cylinder  30  as  In  diameter, 

U0  mm  In  height  with  its  bottom  from  brass  foil  0.0$  n  thick.  To  bottom  from 
below  was  pressed  the  face  of  beta-counter  2.  k  second  counter  3,  on  whose  face 
wns  glued  e  similar  brass  foil,  was  lmersed  from  above  in  the  cylinder  filled 
with  investigated  oil.  The  counters  were  connected  to  radiometric  installations, 
Stone  readings  were  continuously  recorded  by  electron  potentiometers  4.  To  bottom 


of  cylinder  and  to  foil  on  upper  counter  flowed  potentials  from  high-voltage 
rectifier,  which  was  thoroughly  isolated  from  radiometric  instrumentation.  Upper 
beta-counter  recorded  the  speed  of  deposition  of  marked  soot  on  foil  of  counter 
under  action  of  electric  field,  i.e.,  intensity  of  electrophoresis  in  oils  with 
investigated  additives.  The  lower  beta-counter  recorded  the  deposition  of  marked 
soot  from  oil  both  in  conditions  of  action  of  electric  field  and  in  its  absence. 

In  the  last  ease  with  the  help  of  upper  counter  for  control  we  recorded  the  change 
of  average  concentration  of  marked  soot  in  oil. 


Fig.  2.  Diagram  of  electrophoresis  of  marked  soot 
in  motor  oil  AS- 5  from  sulfur-bearing  oil  containing 
additive  vnii  np-354. 

KEY:  (a)  On  counter;  (b)  Counter  reading,  imp/s;  (c) 
Time,  minutes. 


Figure  2  gives  the  diagram  of  electrophoresis  of  v  rked  soot  in  motor  oil 
A3- 5  from  sulfur-bearing  oil  containing  the  additive  vnii  np>-354.  The  diagram  was 
recorded  from  the  readings  of  upper  beta-counter  wner;  *  1000  v  was  supplied  to  its 
foil.  From  the  diagram  it  is  easily  to  determine  tan  a  characterizing  the  speed  of 
electrophoresis.  Upon  changing  the  sign  of  charge  passed  to  the  foil  of  counter, 
we  observed  a  fast  "departure"  of  marked  soot  from  the  foil,  which  testifies  to 


invariability  of  sign  of  charge  of  dispersed  phase.  Speed  of  sedimentation  was 
determined  by  tangent  of  angle  of  inclination  of  the  curve  on  a  diagram,  analogous 
to  the  one  above  described  C  5  3  - 

-j 

* 

.  Radioisotope  Methods  of  Research  of  Washing  Properties 

of  Oils  with  Additives 

To  evaluate  lacquer  deposition  on  details  of  motor  a  radiometric  method  has 

AO 

been  developed  based  on  measuring  the  quantity  of  lacquer  film  by  the  Co 
0-irradiation  adsorbed  in  it  [6].  On  lateral  surface  of  piston  the  sections  (I-V) 

characteristic  for  lacquer  deposition  and  not  subject  to  abrasion  were  activated. 

60 

Activation  was  produced  by  placing  a  solution  of  Co  (NC^)2  on  selected  sections 
with  subsequent  thermal  diffusion  annealing  in  a  muffle  furnace.  The  radiation 
on  the  piston  was  measured  before  and  after  testing  the  oil  in  a  one-cylinder 
motor  with  the  help  of  a  measuring  device  fixing  the  corresponding  labeled  sections 
of  the  piston  relative  to  the  face  of  the  beta-counter. 

The  quantity  of  lacquer  film  formed  on  surface  of  piston  during  the  test  was 
estimated  with  the  help  of  a  calibrated  graph  expressing  change  of  radiation 
Intensity  in  units,  of  density  of  lacquer  film  (milligram/dm2). 

Figure  3  gives  the  results  of  evaluating  the  lacquer  deposition  ability  of 
motor  oils,  expressed  depending  upon  temperature  conditions  of  their  work  in 
piston  group  of  one-cylinder  motor.  From  Fig.  3  it  is  clear  that  this  method 
ensures  differentiated  appraisal  of  lacquer  deposition  ability  of  oils  with  or 

out  additives. 

be  known  laboratory  methods  useful  for  studying  the  mechanism  of  additive 
action  can  be  significantly  improved  by  using  radioactive  isotopes.  The  method 
of  Investigating  the  washing  properties  of  oils  with  additives,  based  on  oxidation 
of  oil  in  film  on  a  heated  slanted  steel  plate  [7],  was  improved  by  radiometric 
measurement  of  the  quantity  of  deposit  formed  during  the  tests.  Measurements 


wera  conducted  with  the  help  of  a  Ca^  source  scattering  beta  radiation  which  was 
recorded  by  an  end-window  Geiger  counter  as  shown  in  Fig.  4*  The  calibrated 
graph  enabled  us  to  express  the  results  of  measurements  in  units  of  density  of 
the  deposit  formed  during  the  experiment  (nilligram/co2).  The  character  of  the 
deposit,  in  particular,  its  ability  to  serve  as  a  binding  agent  for  carbon 
particles,  —  products  of  oxidation  of  oil  and  combustion  of  fuel  —  was  studied 
in  the  sane  conditions  in  which  we  estimated  the  quantity  of  deposit,  with  the 
help  of  soot  labeled  by  The  labeled  soot  was  introduced  in  tested  oil 

with  additive  and  upon  completion  of  experiment  we  radiometrically  determined  its 
quantity  on  surface  of  plate.  For  example  in  Table  1  are  given  the  results  of 
experiments  on  AS-5  oil  from  sulfur-bearing  oil  with  different  additives. 


Fig.  3.  Results  of  determining 
the  lacquer  deposition  ability 
of  different  oils  and  additives 
on  IT9-2  motor. 

1)  oil  AS-9.5  with  5.5*  lKSyaj 

2)  the  same  with  4.5*  IP-22k; 

3)  the  same  with  5*  vnii  np-3^0; 

4)  the  same  with  3*  tsiatim-339: 

5)  MX-22  oil;  6)  AS-9.5oil;  7) 
MS-20  Grozny  oil;  8)  AS-5  oil. 

KEY:  (a)  Lacquer  deposition  on 
piston,  milligram/drr ;  (fc)  Temper¬ 
ature  of  piston,  °C. 


On  the  basis  of  determining  the  quantity  and  character  of  deposit  it  is 


possibile  to  more  correctly  differentiate  the  investigated  additives. 

ii 


Fig.  4.  Scheme  to 
measure  the  quantity 
of  deposit  on  surface 
of  steel  plate  with 
the  help  of  a  Ca45 
source. 

1)  BGS  input  block; 

2)  T-25-BFL  counter; 

3)  Ca45;  4)  steel 
plate;  5)  high  tension 
line;  6)  line  to  radio- 
metric  installation. 


Table  1.  Results  of  Radiometric  Determination  of  Quantity  and  Character 
of  Deposit  by  Laboratory  Research  of  Washing  Properties  of  Oils 


Oil 

Quantity  of  depos¬ 
it  on  surface  of 
plate,  2 

milligram/  cm4 

Quantity  of  soot 
in  deposit, 
(imp/min)/cm2 

AS-5  without  additive . . 

>1.0 

188 

The  same  with  additives: 

5$  vnii  np-350 . 

0.01 

147 

1.5$  vnii  np-354 . 

0.01 

140 

5$  vnii  np-350  and  1.5$  vnii  np-354. 

0.01 

36 

5.85$  tsiatim-339 . . . 

0.02 

193 

5.85$  tsiatim-339  and  3$  DF-1 . 

<0.01 

a 

7.5$  vnii  np-370 . 

0.01 

27 

6.6$  vnii  np-371 . 

0.05 

393 

1.5$  MASK-2  (ash  content  33$) . 

<0.01 

95 

3.1$  MASK-2  (ash  content  16$) . 

<0.01 

0 

Xote.  All  additives  were  introduced  calculated  on  identical  molar  content  of 
cations  of  neutralizing  components  in  oil. 


Radiotracer  Methods  of  Evaluating  the  Chemical 
Activity  of  Ar.tiburr  Additives 


The  vnii  vp  has  developed  radiotracer  methods  of  evaluating  the  chemical 
activity  of  antiburr  additives  to  oils.  They  are  based  on  the  fact  that  the 
most  effective  antiburr  additions  have  to  be  chemical  compounds  having  the  highest 
corrosion  aggressiveness  [7,  8].  The  chemical  activity  of  antiburr  additives  is 
evaluated  by  determining  the  kinetics  of  transition  of  radioactive  steel  (irradiated 
by  neutrons  of  Fe^?)  or  copper  (activated  by  introduction  of  tracer  quantities  of 
Ag^®  into  molten  copper)  in  oil  under  the  effect  of  the  tested  additives  [9]. 

In  Table  2  are  given  the  results  of  radiometric  determination  of  chemical 
activity  of  antiburr  additives  with  respect  to  steel  and  copper. 


Table  2.  Results  of  Radiometric  Determination  of  Chemical  Activity  of 

Antiburr  Additives 


Tested  oil  with  additive 

iron  in  oil,  milligram  t Copper  in  oil .  7 
(200*)  i  milligram  (15(5°) 

Tire  of  test,  hours 

5 

15 

25 

75 

5 

10 

15 

50 

Orsk  winter  with  additives: 
yt  dibenzuldisulfide  and  7% 

chlorinated  paraffin . 

The  same  with  12%  1-L . 

0.008 

0.008 

0.C14 

0.015 

0.018 

0.018 

0.180 

0.042 

4.81 

0.17 

15.6 

0.80 

18.2 

8.64 

32.4 

For  identical  character  of  comparative  data  the  chemical  activity  of  additives 
is  determined  with  the  help  of  radioactive  steel  at  oil  temperatures  of  200 °  for 
50-75  hours  with  small  quantities  of  corroded  metal,  whereas  with  the  help  of 
radioactive  copper  the  chemical  activity  can  be  estimated  at  a  oil  temperature  of 
150°  in  less  than  5  hours  with  significantly  larger  quantities  of  metal  passing 
over  into  the  oil. 

The  obtained  results  fully  agree  with  indications  available  in  literature 


The  data  of  radiometric  determinations  of  chemical  activity  of  antiburr 
additives  corresponded  to  the  results  of  tests  of  these  additives  on  four-ball 
apparatuses  and  in  real  mechanisms. 

Because  during  application  of  oils  with  chemically  active  antiburr  additives 

the  chemical  wear  of  friction  surfaces  may  be  heightened  during  their  work  at 

normal  or  even  small  loads,  the  VNII  NP  has  developed  a  radiotracer  method  of 

evaluating  the  wear  properties  of  oil  with  additives  on  a  specially  designed 

friction  machine.  The  working  friction  details  of  the  machine  were  activated  by 
60 

inserts  of  Co  .  The  peculiarity  of  this  machine  is  its  use  of  small  quantities 
of  tested  oils  (to  1  cm^)  and  measurement  of  radioactivity  of  all  the  oil.  The 
machine  is  equipped  with  heating  and  can  work  at  loads  up  to  80  kg/cm^,  up  to 
1000  rpm  and  oil  temperatures  up  to  250°. 


Fig.  5.  Results  of  investigating  wear  properties 
of  oils  with  chemically  active  additives  on 
VNII  NP  friction  machine, 
a)  wear  of  friction  surfaces;  b)  kinetics  of 
interaction  of  additives  with  friction  surfaces 
according  to  measurement  of  beta  radiation  of  S35 
which  labeled  the  dibenzyldisulfide . 

1)  MT-16  oil  with  3%  dibenzyldisulfide;  2)  MT-16 
oil  with  3%  dibenzyldisulfide  and  1%  chloro paraffin; 
3)  MT-16  oil. 

JCEf:  (a)  Wear,  imp/min;  (b)  Duration  of  experiment, 
hours;  (c)  S35  on  surface,  lap/min. 


Id  using  nonrad ioactive  friction  details  and  additives  narked  by  radioactive 
isotopes  of  basic  components,  it  is  possible  to  establish  kinetics  of  interaction 
of  additives  with  metal  surfaces  in  conditions  of  friction. 

la  Fig.  5  are  given  the  results  of  investigating  oils  with  chemically  active 
antiburr  additives  on  the  V?7II  NP  friction  machine. 
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A  LABORATORY  STUDY  OP  THE  ANTIOXIDATION 
EFFECTIVENESS  OF  MOTOR- OIL  ADDITIVES 

K.  S.  Ramaya,  M.  S.  Borovaya  and 
R.  Kh.  Sil‘s 

A  large  part  of  the  papers  dealing  with  the  effect  of  additives 
which  increase  the  stability  of  mineral  oils  with  respect  to  oxidation 
pertain  to  turbine  and  transformer  oils  with  the  scope  of  these 
investigations  being  confined  to  relatively  low  temperatures  — 

100  -  140°  C. 

Recently,  antioxidatlon  additives  to  motor  oils  have  also  acquired 
broad  application,  but  there  is  very  little  data  pertaining  to  their 
effectiveness  at  the  temperatures  characteristic  of  the  operating 
conditions  of  an  engine.  We  are  not  always  able  to  determine  the 
effect  of  an  additive  on  the  extent  of  oxidation  of  an  oil  from  this 
oa,  since  at  high  temperatures  the  oxidation  processes  In  the  oil 
a.e  extremely  complicated  and  proceed  in  parallel  with  polymerization 
and  condensation  reactions  between  the  products  of  the  oxidation  and 
also  with  reactions  involving  the  cleavage*  and  volatilization  (loss) 
of  these  products. 

The  criterion  often  applied  to  determine  the  extent  of  oxidation 
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of  motor  oils  is  not  the  amount  of  oxygen  entering  into  the  reaction, 
but  the  amount  of  certain. products  which  are  formed  as  a  result  of 
the  oxidation  and  which  are  of  practical  importance  under  operating 
conditions.  Thu3,  for  example,  in  the  thermal-oxidation  stability 
method  (GOST  9352-60)  the  criterion  for  the  rate  of  oxidation  has 
been  taken  as  the  time  necessary  to  obtain  a  "residue",  consisting 
of  50#  lacquer  (a  product  of  the  oxidation  polymerization  and  conden¬ 
sation)  ,  which  is  not  soluble  in  light  gasoline,  and  50#  soluble 
lacquer.  The  oxidation  proceeds  at  a  temperature  of  250*  under 
conditions  of  free  diffusion  of  atmospheric  oxygen  (oxidizing  agent) 
and  free  vaporization  of  volatile  oxidation  products  as  well  as  of  the 
light  fractions  of  the  oil  itself.  According  to  the  method  developed 
by  NAMI,  (State  All-Union  "Order  of  The  Labor  Red  Banner"  Automobile 
and  Automobile  Engine  Scientific  Research  Institute),  oxidation  is 
carried  on  for  50  hrs  at  200®  under  conditions  of  free  access  of  the 
oxidizing  agent,  atmospheric  oxygen,  but  preventing  the  free  vaporiza¬ 
tion  of  the  oil  and  the  products  of  its  oxidation.  The  criteria  for 
apprat3ing  the  extent  of  oxidation  are  the  increase  in  the  oil 
viscosity  and  the  amount  of  sediment  (the  oxidation  products)  not 
soluble  in  light  gasoline.  Therefore,  the  lacquer  in  the  GCST  9352-60 
method  and  the  sediment  in  the  NAMI  method  are  in  this  sense  identical 
concepts. 

The  criterion  for  the  extent  of  oxidation  of  the  oil  proposed 
by  the  Azerbaydzhan  Scientific  Research  Institute  for  Oil  Refining 
is  the  amount  of  absorbed  oxygen.  The  oxidation  is  carried  out  in  a 
closed  system  at  175*  with  oxygen  at  atmospheric  pressure.  But  the 
oil  does  not  undergo  any  pronounced  change,  and  the  rate  of  oxidation 
is  evaluated  on  the  basis  of  the  tine  necessary  for  the  absorption  of 
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0.8  ml  of  0*  by  1  g  of  oil. 

In  this  paper  the  authors  have  attempted  to  compare  and  Interpret 
results  obtained  by  these  three  methods  In  an  effort  to  ascertain  the 
antioxidation  effectiveness  of  motor-oil  additives. 

The  experiments  using  the  ASRIOR  method  were  carried  out  under 
a  different  regimes  a  temperature  of  200*  and  an  absorption  of  about 
5  ml  of  oxygen  by  1  g  of  oil. 

Data  from  Investigations  of  6  oil  samples  are  presented  In 
Figs.  1  to  3:  l)  DS-11  base  oil  (NKZ);  2)  the  same  oil  with  3^  cyatlm- 
339  additive;  3)  the  same  with  3^  cyatlm-339  additive  (alkaline) 
containing  an  excess  of  barium  (BaO,  BaC03) ;  4)  the  same  with  bartlol 
Import  additive  ( 3$  »  which  Is  barium  dialkyldlthlophosphate; 

5)  the  same  with  bartlol  additive  (alkaline)  containing  an  excess 
of  barium;  6)  the  sane  with  glntset  additive,  which  Is  a  mixture  of 
zinc  dldkyldlthlophosphate  and  barium  and  calcium  sulfonates. 


Fig.  1.  Absorption  of  oxygen 
by  oil  at  200*.  t'PIOR  instru¬ 
ment  ,  *>  ml  of  oil.  l)  DS-11 
(NKZ)  without  additive;  2)  the 
same  with  3^  cyatlm-339  addi¬ 
tive;  3)  the  same  with  3^ 
cyatlm-339  alkaline  additive. 
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Fig.  2.  Absorption  of  oxygen 
by  oil  at  200*.  ASRIOR 
Instrument,  5  ml  of  oil. 
l)  DS-11  (NKZ)  without  addi¬ 
tive;  2)  the  same  with 
bartlol  additive;  3)  the  same 
with  3*  bartlol  alkaline 
additive. 
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Time,  min 


20  60  100  HO  100 

Absorption  Time  of  Oj*  min 

Pig.  3.  Absorption  of  oxygen 
by  oil  at  200°.  ASRIOR  instru¬ 
ment,  5  nil  of  oil.  l)  DS-11 
( NKZ)  without  additive;  2)  the 
same  with  5^  gintset  additive. 
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Pig.  4.  Absorption  of  oxygen 
by  oil  at  200°.  ASRIOR  instru¬ 
ment,  5  E  of  oil.  l)  DS-11 
( NKZ)  oil  without  additive; 

2)  SAE-30  oil  (with  alkaline 
sulfonate  additive)  . 


The  results  of  experiments  on  the  absorption  of  oxygen  by  5  S 
of  the  first  three  samples  in  the  ASRIOR  instrument  at  200°  are 
plotted  in  Fig.  1.  Similar  data  are  presented  for  the  fourth  and 
fifth  samples  in  Pig.  2  and  for  the  sixth  sample  in  Pig.  3.  The 
curve  for  the  base  oil,  the  first  sample,  is  also  given  in  Figs.  2  and 
3  for  the  purpose  of  graphic  comparison. 

The  absorption  curves  do  not  indicate  the  presence  of  any  real 
induction  period  characteristic  of  the  oxidation  of  oil  at  lower 
temperatures.  In  the  first  period  (60-70  min)  the  absorption  pro¬ 
ceeds  at  a  variable  rate,  after  which  the  curves  straighten  out.  The 
absorption  rate  of  the  oxygen  was  calculated  on  the  basis  of  the  rec¬ 
tilinear  portions  of  the  curves.  The  values  thus  obtained  give  some 
idea  of  the  rate  of  the  oxidation  reaction  for  more  pronounced  oxida¬ 
tion. 

In  the  data  presented  in  Pigs.  1-3  it  is  noteworthy  that  the 
cyatlm-339  (curve  2  in  Fig.  l) ,  bartiol  (curve  2  in  Pig.  2),  and  gintset 


(curve  2  in  Fig.  3)  additives  do  not  decrease,  but  rather  increase 
;  the  rate  of  absorption  of  the  oxygen,  in  spite  of  the  fact  that  the 

!  bartiol  additive  is  barium  dithiophosphate  in  pure  form,  while  the 

%  ' 

\  gintset  additive  contains  zinc  dithiophosphate  in  its  composition. 

1 

i  On  the  other  hand,  in  the  presence  of  excess  alkalinity  the  cyatim-339 
j  and  bartiol  additives  significantly  decelerate  the  absorption  of 
|  oxygen  ( curves  2  in  Fig.  1  and  3  in  Fig.  2)  .  The  effect  of  this 
\  alkalinity  on  the  rate  of  oxygen  absorption  is  also  common  to  the 
j  other  additives;  this  is  illustrated  ir  Fig.  4  for  SAE-30  oil  (curve 

.J 

I  2  in  Fig.  4)  . 

I  In  the  table  we  have  compared  the  results  of  investigations 

of  the  value  of  the  thermal-oxidation  stability  in  minutes  obtained 
j  by  the  GOST  9352-60  method  and  the  percentage  of  lacquer  obtained 

4  ]■  '• 

during  this  time.  These  studies  were  conducted  on  6  oil  samples 
on  the  DK-2  instrument  at  200  “Ibr  a  period  of  50  hrs  using  the  NAMI 
method.  In  the  same  place  we  have  listed  the  values  of  the  oxygen 
absorption  rate  (curves  1,  2,  and  3)  calculated  In  ml  of  Ga/*in*^ 
oil. 100. 

TABLE  1 

Results  of  Oxidation  of  DS-11  Oil  with  Additives 
in  a  DK-2  Instrument  at  200*  and  by  the  Method 
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From  the  data  listed  in  the  table  concerning  the  increase  in 
viscosity  during  oxidation  by  the  NAMI  method,  Avloo  es  (with  sediment), 
it  follows  that  all  5  additives  are  oxidants  at  200®.  On  the  basis 
of  this  criterion  excess  alkalinity  in  the  additive  material  lessens 
its  oxidant  effect  If  we  Judge  on  the  basis  of  sedimentation 
(NAMI  method),  it'  follows  that  the  cyatim-339.  bartiol,  and  glntoct 
additives  are  oxidants.  Excess  alkalinity  in  the  cyatira-339  additive 
makes  it  an  artlcxiWnt,  while  alkalinity  in  the  bartiol  additive 
destroys  its  oxidant  property.  Therefore,  the  evaluation  of  the 
additives  by  the  NAMI  method  and  on  the  basis  of  oxygen  absorption 
in  the  ASRIOR  instrument  at  200°  is  practically  the  same. 

The  results  obtained  with  the  thermal-oxidation  stability 
method  at  25 0®  give  a  contradictory  evaluation  of  these  additives. 

All  the  additives  tested  were  evaluated  as  antioxidants  both  on  the 
basis  of  the  formation  time  of  a  lacquer  residue  of  prescribed  compo¬ 
sition  ( in  minutes)  ,  ar.1  on  the  basis  of  the  amount  of  lacquer  obtained 
(in  %)  .  Exct~~  alkalinity  does  not  increase  the  antioxidant  effective¬ 
ness  of  the  additive,  be.t,  instead,  decreases  it. 

Data  concerning  the  magnitude  of  the  increase  in  the  viscosity 
Av,00  cs  (without  sediment)  are  presented  in  the  table.  This  value 
was  obtained  by  determining  the  viscosity  of  the  oxidized  oil  after 
the  removal  of  the  sediment  and  represents  the  increase  in  viscosity 
due  to  the  accumulation  of  gums  formed  in  the  oil  during  its  oxidation. 
With  further  oxidation  these  gums  may  be  converted  into  more  compact 
compounds  and  are  separated  out  of  the  oil  in  the  form  of  a  sediment. 

It  is  noteworthy  that  the  amount  of  gum  increases  with  the  alkalinity 
of  the  additive  with  a  concomitant  decrease  in  the  sediment,  which 
is  apparent  from  samples  2-3  arid  4-5.  In  the  experiments  at  250®  an 
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The  bartlol  and  gintset  additives  which  contain  the  thiophosphate 
group  behaved  as  oxidants  in  the  experiments  at  200°  not  only  with 
respect  to  sedimentation,  but  also  with  respect  to  the  oxygen  absorp¬ 
tion  rate.  This  occurs  as  a  result  of  the  fact  that  the  anti¬ 
oxidation  effectiveness  of  thiophosphate  additives,  as  that  of  many 
other  antioxidants,  decreases  with  an  increase  in  s emperature,  and, 
when  a  certain  temperature  has  been  reached,  they  become  oxidants. 
However,  as  is  apparent  from  Pig.  5  (thermal-oxidation  stability 
method) ,  these  same  additives  behaved  as  extremely  effective  anti¬ 
oxidants. 

This  apparent  contradiction  is  explained  by  the  fact  that  under 
conditions  of  free  vaporization  a  number  of  products  of  the  oxidation 
of  the  oil,  which  are  capable  of  undergoing  condensation  and  poly¬ 
merization,  are  volatilized.  These  same  products  under  conditions 
which  hinder  vaporization  may  be  separated  out  in  the  form  of  a 
sediment  which  is  not  soluble  in  light  gasoline.  The  presence  of  an 
additive  which  acts  as  an  oxidant  at  a  given  temperature  increases 
ohe  formation  of  these  volatile  oxidation  products. 

All  of  these  theories  concerning  the  effectiveness  of  antioxidant 
additives,  which  have  been  put  forth  on  the  basis  of  the  experimental 
data  presented  herein  may  serve  as  a  working  hypothesis  for  further 
Investigations  of  oils  with  additives.  Pinal  and  comprehensive  data 
■ncerning  the  antioxidant  and  oxidant  effects  of  motor-oil  additives 
...  j  be  obtained  only  by  methods  based  on  absorption  of  oxygen  at  high 
temperatures.  The  development  of  such  methods  is  a  problem  which  is 
Inseparable  from  the  problem  of  developing  antioxidant  additives. 
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NEW  METHOD  OF  EVALUATING  THE  EFFECTIVENESS  OF  ANTIBURR 
ADDITIVE  ACTION  IN  OILS  AND  FUELS 

K.  I.  Klimov,  A.  V.  Vilenkin,  and  G.  I.  Kichkin 

In  the  specification  on  lubricating  oils  as  a  rule  parameters  characterizing 
their  antiwear  properties  are  absent.  In  selection  of  oils  even  for  gear  trans¬ 
missions  a  single  working  index  of  quality  of  oil  —  viscosity  is  still  used 
[1,  2]. 

In  solving  questions  about  fitness  of  oils  for  one  or  another  aggregate  and 
about  advantages  of  one  oil  over  ethers,  we  resort  to  prolonged,  expensive, 
labor-consuming  and  badly  reproduced  tests  in  real  mechanisms. 

Tendency  to  reduce  time  and  value  of  tests  has  lead  to  creation  of  large 
quantity  of  friction  machines  of  different  types  and  laboratory  methods  of 
comparative,  appraisal  of  oils  quality  [3-8].  Up  to  now  universally  recognized 
friction  machines  and  methods  of  comparative  appraisal  of  antiwear  properties  of 
oils  are  lacking.  The  very  wide-spread  is  the  opinion  that  testing  oils  on 
friction  machines  cannot  give  results  of  appraisal  of  oil  similar  to  results  ob¬ 
tained  with  using  real  aggregates  [1,  2]. 

Not  being  of  such  opinion,  the  authors  consider  that  its  source  was  the  huge 
number  of  works  in  which  researchers  tried  to  create  methods  of  accelerated  tests 
for  wear  without  simulating  the  conditions  of  friction  in  laboratory  instruments 


along  the  basic  parameters,  those  most  essentially  affecting  the  process  of 
interaction  of  metallic  surface,  lubricant  and  environment. 

First  requirement  which  should  be  observed  in  testing  oils  is  simulating  the 
friction  conditions  in  speed  of  relative  slip  of  surfaces. 

In  spite  of  the  fact  that  this  requirement  is  well-known,  it  is  not  considered 
in  testing  oils  on  friction  machines.  Many  mechanisms,  e.g.,  automobile  gear 
transmissions,  in  conditions  of  use  work  in  a  wide  range  of  speed  and  loads; 
however,  comparative  appraisal  of  antiburr  properties  of  oils  on  friction  machines 
is  produced  at  one  slip  speed,  frequently  very  far  from  the  real  one.  This  non¬ 
correspondence  is  one  of  the  most  important  causes  of  incorrect  comparative 
appraisal  of  automobile  transmission  oils  obtained  on  friction  machines  and  the 
absence  of  correlation  between  results  of  testing  oils  on  friction  machine  and 
in  mechanism.  About  the  correctness  of  such  conclusion  testify,  in  particular, 
the  data  of  tests  of  series  of  oils  by  the  M1L-1/-2105  method  on  power  (high  load  — 
low  speed)  and  high-speed  (high  speed  —  low  load)  conditions  [10].  In  many  cases 
oil  which  works  satisfactorily  at  low  slip  speeds  turns  out  to  be  unfit  for  work 
at  high  speeds. 

Inasmuch  as  the  basic  processes  occurring  during  friction  of  surfaces  in 
conditions  of  imperfect  lubricants,  such  as  formation  and  destruction  of  threshold 
oily  films,  chemical  reactions  in  oily  film  and  surface  layer  of  metal,  abstraction 
of  heat  from  "hot  points”  and  others,  occur  in  time,  in  evaluating  the  antiwear 
properties  of  oil  on  friction  machines  large  value  belongs  to  conformity  of  time 
between  repeated  contacts  in  friction  machine  and  in  real  conditions.  In  other 
words,  simulating  real  friction  conditions  in  periodicity  of  contact  is  the  second 
important  requirement  in  testing  oils  on  friction  machines. 

The  third  requirement  in  testing  oils  on  friction  machines  is  conformity  of 
temperature  of  friction  pair  and  oil  (in  volume)  in  ’abe'-atory  instrument  —  real 
conditions  of  application  of  tested  oil.  This  last  requirement  is  especially 


important  for  oils  with  additives  whose  mechanism  of  action  leads  to  chemical 
interaction  with  metal.  To  evaluate  the  antiburr  properties  of  oils  the  authors 
created  the  KV-1  friction  machine  which  simulates  the  condition  of  work  of  a 
friction  pair  of  a  real  mechanisms  in  slip  speed  (0.5-3A  n/sec),  temperature 
(to  200°)  and  periodicity  of  contact  within  wide  limits. 

A  diagram  of  the  machine  is  shown  in  Fig.  1.  Its  basis  is  a  friction  pair, 
one  of  whose  elements  is  a  spiral  coil  of  wire  2  (diameter  of  2  mm  of  50KhFA 
steel  p«r  COST  2052-53  or  CVS  GOST  1546-53)  [CCS?:  All-Union  Government  Standard] 
secured  on  generator  disk  3,  and  cylindrical  roller  1  (free  needle  bearing, 
diameter  5  nr.,  length  50  rr),  placed  in  clamp  cartridge  1C.  In  one  turn  of  disk 
every  point  of  wire  contacts  the  surface  of  roller  only  cnce. 

The  friction  pair  is  imrersed  in 
metal  bath  9,  in  which  the  tested  oil 
is  poured.  The  bath  is  equipped  with 
electric  heating  with  automatic  controlled 
temperature.  The  load  is  set  by  a 
hydraulic  loader  6  i  7  and  is  fixed  by 
-errm^ter  8.  station  speed  of  disk  3 
is  established  and  controlled  with  the 
h**lp  of  stroboscope  4. 

Materials  of  wire  and  roller  can 
be  changed  in  accordance  with  research 
problems.  The  roller  can  be  put  into 
rotation  by  special  drive,  in  this  sliding  friction  is  corbined  with  rolling. 

In  this  work  questions  of  the  effect  of  the  material  of  the  friction  pair  and 
additional  rotation  of  roller  are  not  considered. 

Method  of  comparative  appraisal  of  ar.tiwear  properties  of  oils  and  liquids 
gives  the  following.  On  the  basis  of  operating  conditions  of  node  which  has  as  a 


Fig.  1.  Piaprar  KV-1  friction 
machine. 

l)  roller;  2)  wire;  3)  disk; 

4)  stroboscope;  5)  small  neon 
tube;  6,  7)  loader:  8)  mano¬ 
meter;  9)  bath;  10)  clamp 
cartridge. 


lubricant  a  tested  oil  product,  we  select  a  disk  of  corresponding  diameter  and 
step  so  that  when  changing  the  rotation  speed  of  disk  tc  3000  rpn  a  typical  speed 
range  of  slip  and  periodicity  of  contact  of  friction  surfaces  is  covered  in  this 
node.  On  selected  disk  reel  the  wire  under  constant  tension,  equal  to  35  kilogram. 
Then  disk  with  coil  of  wire  secured  on  it  is  put  in  bath  on  drive  shaft.  Pour  the 
tested  oil  in  bath,  turn  on  the  drive  and,  revolving  the  disk  with  speed  of 
300-400  rpm  (disk  in  this  case  plays  role  of  mixer),  turn  on  the  heater.  After 
arriving  at  the  given  temperature  regime  rate  establish  the  needed  rotation  speed 
of  disk  and  start  to  load  the  friction  pair  by  special  program:  load  is  increased 
by  steps  (from  0.5  to  3  kg  depending  upon  absolute  value  of  load).  At  each  load 
the  friction  continues  for  10  sec,  after  which  follows  a  10-second  pause  with 
removal  of  load.  Increase  the  load  as  long  as  a  burr  does  net  start.  Then  drop 
the  load,  stop  the  disk  and  replace  the  wire  on  it.  Appearance  of  burr  is  easily 
fixed  by  hearing  and  is  checked  by  visual  inspection  of  place  of  roller  contact 
during  the  pauses. 

Depending  upon  research  problems  these  tests  are  repeated  under  other  conditions 
(rotation  speed,  temperature,  material  of  wire  and  roller)  obtaining  in  this  a 
dependence  of  jamming  load  on  the  selected  variable. 

Reproducibility  of  experimental  results  on  KV-1  stand  is  equal  to  +15$. 

The  described  method  was  used  for  research  of  oil  products  sharply  distinguished 
in  antiburr  properties.  The  stand  turned  out  to  be  useful  both  to  evaluate 
ssrraisal  hypoid  oi^s  with  high  antiburr  properties  and  also  to  research  low- 
icosity  distillates. 

From  Fig.  2  it  is  clear  that  on  the  basis  of  test  results  we  can  clearly 
differentiate  oil  products  according  to  the  investigated  index.  It  is  important 
to  note  the  high  sensitivity  of  the  instrument.  At  slip  speed  of  5  m/sec  the 
jamming  load  obtained  on  spindle  AU  oils  (curve  8)  and  KK-22  oil  (curve  7),  differ 
from  each  other  by  5  times.  At  the  same  time  in  a  test  on  four-ball  machine  they 
differ  by  only  2-2.5  times. 


Sensitivity  of  instrument  to  action  of  different  additives  is  lllustrat  -7 
curves  2,  5,  6  and  8.  At  slip  speed  of  12  st/sec  the  Jaredng  load  is  increased 
upon  introduction  to  spindle  AU  oil  of  5^  sulphurized  sperr.  whale  fat  by  8  tines, 
5*  of  additive  EZ-5  —  by  9  tir.es,  and.  5%  of  additive  lenii-1  c,  by  33  times. 


Pig.  2.  Results  of  evaluating 
antiwear  properties  of  oil  products 
on  KV-1  stand  (disk  12b  rr.  in 
diameter,  step  A  rr r,  t**rrerature 
20®). 

1)  extract  of  purification  cf  oils 
Novokuybysheyskiy  oil  re  fir;  nr 
factory  with  5*  of  additive  I.KZ-b/9; 

2)  "Spindle  AU  with  5*  of  additive 
lenii-1  r;  3)  mixture  of  hypo  id  and 
AFC-10  oils  (2:1);  U\  sulphurized 
transmissional  rotor  and  tractor; 

5)  spindle  AU  and  5^  EZ-5;  0) 
spindle  AU  and  5*  sulphurized  sperr. 
whale  fat;  7)  KK-22  oil;  8)  spindle 
AU;  9)  propellant  T-2. 

KEY:  (a)  Burr  causing  load,  kg; 

(b)  Slip  speed,  r/sec. 


Experience  of  working  with  the 
instrument  showed  its  fitness  for 
evaluating  antiburr  properties  net 
only  of  oils,  but  also  of  propellants 
distinguishc-o  by  comparatively  low 
lubricating  ability.  Dependence  of 
Jananing  load  on  slip  speed  obtained 
for  T-2  fuel  is  shown  in  Pig.  2 
(curve  9). 

The  instrument's  area  of  appli¬ 
cation  is  limited  by  magnitude  of 
Jamning  load  for  the  tested  oil  products. 
For  a  j  aiming  load  below  1  kg  the 
accuracy  of  measuring  the  applied  load 
Is  sharply  lowered,  inasmuch  as  it 
becomes  cocnensurable  with  frictional 
force  in  load  system.  For  loads  above 
35-40  kg  slip  of  friction  pair  is 


accompanied  by  noticeable  cnrrpling  of  wire  and  distortion  and  test  results 
connected  to  this. 

Systematic  research  of  the  effect  of  geometric  dimensions  of  instrument  on 
results  of  evaluating  antiburr  properties  of  oils  lead  to  the  conclusion  that  the 
instrurent's  area  of  application  nay  be  expanded  by  corresponding  change  of  step 
of  wire  coil  fastened  to  it. 


•u:  -• 


Increasing  the  step  of  wire  creates  softer  test  conditions  and  leads  to 
increase  of  Jamming  load  at  that  same  (practically)  slip  speed. 

As  can  be  seen  fron  Table  1,  with  126  ran  diameter  of  disk  changing  the  step 
of  wire  coil  by  4.8  times  (from  2.5  to  12.0  im)  leads  to  increase  of  magnitude 
P^  of  MX-22  oil  by  2. 5-2.9  times. 

When  the  tested  lubricating  substances  have  small  magnitude  of  janning  load, 
one  should  use  disks  with  wire  coil  of  large  step  and  conversely,  during  comparative 
appraisal  of  products  with  large  values  of  janning  load  (above  35  kg)  one  should 
use  disks  with  wire  coil  of  snail  step. 


Table  1.  Influence  of  Step  of  Spiral  Coil 
on  Magnitude  of  Load  (Pv)  Causing  a  Burr 
(dian  of  disk  126  cm,  MC-22  oil,  t  -  20°) 


Step,  be 

Pr  (kg)  at  slip  speed  of  o/sec 

5 

10 

15 

19 

2.5 

13-7 

5.0 

3.0 

2.7 

U 

19.2 

8.0 

5.6 

5.0 

6 

23.1 

9.8 

6.9 

6.2 

8 

29.3 

11.1 

8.0 

7.0 

12 

35.0 

12.0 

8.7 

7.8 

Above  we  noted  the  necessity  in  testing  on  friction  machines  of  simulating 
real  conditions  of  work  in  nodes  of  slip  speed,  periodicity  of  contact  and 
temperature.  Experiments  on  KV-1  stand  completely  confirm  this  conclusion. 

The  impo~  ance  of  testing  oils  not  at  one  arbitrary  slip  speed,  but  in  interval 
of  speeds,  covering  in  real  friction  nodes,  is  confirmed  by  the  results  of  research 
shewn  in  Fig-  2.  Actually,  if  at  slip  speed  of  5  m/sec  spindle  AU  oil  with 
sulphurized  sperm  whale  fat  turned  out  to  be  significantly  better  than  the  same 
oil  with  5*  -f  additive  FZ-5  (P^  is  28.7  kg  and  17.1  kg  respectively),  at  slip 
speeds  above  8  r/sec,  conversely,  the  first  oil  is  worse  than  the  second. 

This  and  other  analogous  cases,  shown  in  Fig.  2,  indicate  the  necessity  of 
carrying  out  comparative  appraisal  of  oils  in  interval  of  slip  speeds  characteristic 
for  the  real  friction  node. 
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insults  of  research  explain  the  cause  of  non-correspondence  of  test  results 
of  oils  on  friction  machines  and  results  obtained  in  real  conditions  of  use  [10). 


The  necessity  of  considering  of 
contact  periodicity  follows  from 
analyzing  the  test  results  of  TAp-15  oil 
(COST  8412-57)  shown  in  Fig.  3). 

Curves  1-4  are  obtained  by  using 

n  t  \  '  -  —  —  disks  (spiral  coil  of  wire)  of  different 

(b)  C»eftrr  » 

Fig.  3-  The  effect  of  disk  diameters.  Step  of  wire  coil  for  all 

ci  .meter  on  magnitude  of  Pg  (TAp-15 

oil,  step  U  nr,  temperature  20°).  disks  was  identical,  equal  to  4  inn. 

1 1  disk  1  210  nn  in  diameters  2) 

d.sk  2  126  cm  in  diameter;  3)  disk  3  The  points  of  curves  1-4  with 

65  nr.  in  diameter;  4)  disk  4  34  m  in 

diameter.  identical  slip  speeds  correspond  to 

KEY:  (a)  Burr  causing  load,  kg;  (b) 

Slip  speed,  m/sec.  different  rotational  speeds  of  disks. 

For  instance,  at  slip  speed  of  9  m/sec 
the  rotational  speed  of  dis? 1-  '  is  equal  to  815  rpa,  1340  rpm  and  2640  rpr..  In 
other  words ,  t  equal  slip  speeds  or.  various  disks  is  observed  unequal  number  of 
con*  " t  s  of  surfaces  in  a  unit  of  time  (different  periodicity  of  contact).  At 
slip  speed  9  m/sec  a  change  of  contact  periodici  ty  by  3  times  (from  14  to  44 
contacts  per  second)  lead  to  a  change  of  magnitude  of  jamming  load  by  1.75  times 
(from  26.7  to  15.3  kg).  Consequently,  simulating  friction  conditions  by  contact 
periodicity  has  large  value  ir.  evaluating  antiburr  properties  of  lubricating 
materials. 


Research  of  antiburr  properties  of  oils  with  additives  in  interval  of 
temperatures  from  20  to  100-150°  on  KV-1  stand  showed  that  depending  upon 
temperature  of  the  oil  in  vslurre  and  the  friction  pair  the  effectiveness  of 
additive  action  can  essentially  be  changed.  Actually,  increasing  the  temperature 
of  TAp-10  oil  (COST.  8412-57)  from  20  to  100*  caused  consecutive  noticeable  lowering 
of  magnitude  of  load  PK  (Table  2).  When  working  on  mixture  of  WC-8  oil  with 
sulphurized  steam  engine  cylinder  oil  and  chlorinated  birve~yl  increacin?  the 
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temperature  from  20  to  50°  also  lead  to  decrease  of  Pg,  although  small  in 

I 

t  magnitude.  However,  with  further  increase  of  temperature  to  100*  load  Pr  sharply 
»  •* 

1 

]  increased,  considerably  exceeding  its  value  at  20*. 


|  Table  2.  Effect  of  Oil  Temperature  on  Magnitude 

I  of  Load  (Pj^)  Causing  a  Burr. 

(diameter  of  disk  126  m,  step  4  cm) 


Oil 

Temper¬ 

ature, 

•C 

Pr  at  slip  speed 
of  m/sec 

5 

10 

MK-8  NKZ  with  8* 

sulphurized  stean 

20 

12.9 

5.9 

engine  cylinder  oil 

50 

11.6 

5.0 

and  10*£  chlorinated 

100 

18.0 

7.2 

biphenyl 

TAp-10 

20 

24.0 

15.4 

50 

17.4 

11.2 

100 

10.6 

3.0 

Consequently,  for  correct  characteristics  of  oils  with  additives  their  anti¬ 
wear  properties  EU3t  be  estimated  at  those  temperatures  at  which  they  work  in  real 
friction  nodes.  Non-observance  of  this  condition  can  lead  to  incorrect  appraisal 
of  antiburr  properties  of  oils. 

V.Hc  on  comparative  laboratory  appraisal  of  antiburr  properties  of  lubricating 
materials  with  additives  on  friction  machines  should  start  with  a  determination 
of  conditions  of  work  of  the  friction  pair  in  real  mechanisms:  interval  of 
operr.ing  temperatures ,  characteristic  slip  speed  range  and  contact  periodicity. 
Information  on  slip  speed  and  contact  periodicity  are  initial  data  for  selection 
of  disk  diameter  and  interval  of  numbers  of  disk  turns,  in  which  it  is  necessary 
bo  estimate  the  Jaming  load,  in  a  fixed  range  of  change  of  operating  temperature. 

With  such  approach  to  determining  the  effectiveness  -'f  action  of  antiburr 
,  additives  for  every  typical  friction  pair  (hypo id  transmission  of  automobile, 
i  gear  box  of  automobile  transmissions,  pair  of  "cam  —  pusher  of  motor")  one 
|  should  estimate  by  an  independent  method. 


Conclusions 
— ■  —  1 


1.  To  evaluate  the  antiburr  properties  of  lubricating  materials  we  hare 
developed  and  offer  a  new  in  principle  diagram  of  a  friction  machine  with  a  pair 
of  crossing  cylinders  and  periodic  contact  of  surfaces. 

2.  We  have  shown  the  necessity  in  comparative  appraisal  of  antiburr  properties 
of  oils  with  additives  on  friction  machines  of  modeling  the  test  conditions  by 
slip  speed,  contact  periodicity  and  temperature  in  a  wide  interval  of  their  changes. 

We  have  developed  a  method  of  comparative  appraisal  of  antiburr  properties 
of  lubri  ^atir/-  materials  under  conditions  simulating  the  real  working  conditions 
of  oi1 . 

3.  We  have  Investigated  antiburr  p.-operties  of  certain  oil  products  in  pure 
form  and  with  additives.  We  have  shown  that  the  offered  instrument  and  method  of 
appraisal  possess  high  sensitivity,  considerably  exceeding  the  sensitivity  of 
appraisal  by  ofh-r  methods  and  instruments  (e.g.,  on  four-ball  friction  machine). 
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THE  EFFECT  OF  LUBRICATING  KATERIAIS  AND  THEIR 
ADDITIVES  ON  FORKATION  OF  PITTING 

H.  D.  Bezborod *ko  and  C.  S.  Krivoshejn 

Smallpox-like  wear  (pitting)  is  a  characteristic  form  of  wear  of  toothed 
wheels  of  heavily  loaded  reductors  and  roller  bearings.  In  this  insignificant 
losses  of  metal,  calculated  in  grams,  put*  details  whose  weight  sometimes  exceeds 
ten  of  kilograms  out  of  order. 

Up  to  now  there  is  no  single  view  on  mechanism  of  pitting  formation.  The 
most  probable  hypothesis  is  that  at  high  cyclical  contact  loads  during  rolling 
with  slipping  on  friction  surfaces  fatigue  cracks  are  formed.  Subsequently  due 
to  >  ;ging  action  of  lubricating  materials  [1]  on  the  friction  surfaces  these 
cracks  are  turned  into  pitting  sores. 

Appearance  of  prepitting  cracks  on  surface  of  metal  can  be  explained  from 
positions  of  theory  of  dislocations  [2].  The  appearance  of  pitting  on  friction 
surl^ces  will  be  influenced  by  the  magnitude  of  tangential  stresses  in  contact, 
Jepending  on  load  and  coefficient  of  friction,  frequency  of  change  of  load,  and 
also  presence  in  contact  surfaces  of  adsorbed  or  chemically  combined  films.  The 
majority  of  these  factors  depend  on  the  applied  lubricating  materials.  This 
dependence  was  fixed  long  ago  Cl,  33*  however,  methods  Of  evaluating  antipitting 
properties  of  oils  started  t.o  be  developed  only  recently  [4»  53.  Therefore, 


lvkr  i .nr  raterials  anl  their  additives  intended  for  work  in  reductors  till  now 

cor  Inue  to  be  evaluated  only  in  their  antiw*»ar  properties,  without  calculating 
their  anti  pitting  properties. 

Antipitting  properties  of  lubricating  materials  are  most  conveniently  studied 
on  four-ball  friction  machines  adjusted  for  work  in  conditions  of  rolling.  These 
machines  [5,  8]  lack  the  deficiencies  inherent  in  gear  and  roller  stands:  great 
duration  of  tests  [1],  expensive  working  bodies  [toothed  wheels  or  disks]  and 
absence  of  clear ^criterion  for  determination  of  appearance  of  pitting  on  tested 
surfaces. 

In  the  friction  nodes  of  four-ball  machines  intended  for  work  in  conditions 
of  rolling  the  lower  balls  in  cup  are  not  secured  but  are  freely  rolled.  In 
this  on  the  upper  ball  a  trace  of  friction  will  form  in  the  form  of  a  ring. 

During  the  work  of  four-ball  machine  pitting  appears  on  the  internal  edge  of 
the  trace  of  friction  on  the  upper  ball  due  to  presence  there  of  high  cyclical 
contact  loads  and  rolling  frictie  with  slipping.  Time  to  formation  of  pitting 
is  a  convenient  appraisal  index  of  antiritting  properties  of  oils  [6,  7].  For 
its  determination  it  is  expedient  to  use  methods  of  sound  ranging  [8],  The 
diffusion  of  results  observed  in  process  of  ex-'  riments  obeys  the  law  of  distri¬ 
bution,  which,  using  methods  of  mathematical  statistics,  enables  us  to  determine 
minimum  quantity  of  experiments  and  to  compare  the  arithmetic  mean  values  of  time 
obtained  in  different  series  of  experiments. 

The  experiments  were  conducted  on  ShKho  steel  balls  12.7  rm  in  diameter  with 
hardness  of  5?»  and  62RC.  Usually  the  upper  ball  was  of  less  hard  steel. 

Before  beginning  the  work  the  balls  were  washed  in  gasoline  and  dried;  then  we 
selected  the  friction  node  ar.a  filled  its  lubricating  material  so  that  the  lower 
balls  were  completely  covered  by  it. 

The  machine  was  put  under  load  after  the  tested  lubricating  material  achieved 


a  given  temp'erature.  During  experiment  the  friction  node  was  supported  at  a 


constant  temperature.  Majority  of  experiments  were  conducted  at  load  of  P  *  390  kg, 
rotational  speed  of  upper  ball  n  *  1500  rpn  and  temperature  of  20  and  80°,  Cases 
of  deflection  from  these  conditions  will  be  discussed. 


Fig.  1.  The  effect  of 
temperature  on  the  time 
of  pitting  formation. 

1)  KS-14  oil;  2)  KT-l6p 
oil;  3)  lubricant  tsiatin-208. 
KEY:  (a)  Time  to  formation 
of  pitting  t,  minutes;  (b) 
Temperature,  °C. 
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Fig.  2.  The  effect  of  viscosity  on 
pitting  formation. 

1)  dependence  of  time  of  pitting 
formation  on  viscosity  MS-14;  2) 
viscosity-temperature  characteristic 
of  oil. 

KEY:  (a)  Time  to  pitting  formation 
t,  min;  (b)  Viscosity  in  centistokes; 
(c)  Temperature,  #C. 


The  effect  petroleum  products  on  formation  of  pitting  is  caused  by  the 
differences  in  their  composition  and  viscosity.  Increasing  the  viscosity  of 
Petroleum  oils  of  type  MS-14  without  additives  leads  to  delay  of  appearance  of 
pitting.  This  tine  t  can  be  estimated  by  the  formula 

* «  a  -  m, 

where  A  and  n  are  constants  determined  from  experiment  and  t  the  temperature  of 
oV  in  «C. 

For  KS-14  oil  (curve  1  in  Fig.  l)  A  58  166  and  B  *  0.97.  However,  during 
application  of  oils  containing  additives,  in  interval  of  temperatures  from  20  to 
8C°  the  tir:  to  formation  of  pitting  was  not  changed  (curves  2  and  3  for  oil 
MT~l6p  and  lubricant  tsiatim-208) . 

Dependere  of  time  to  formation  of  pitting  on  viscosity  for  oils  of  type 
MS-14  is  expressed  by  curve  1  in  Fig.  2.  This  curve  i  :  a  mirror  image  of  viscosity- 
temperature  characteristic  of  oil  (curve  2).  Therefore,  the  time  of  pitting 

lCli 


!pmr>eg9my?n 


fo'-.ation  for  similar  oils  cam  b*»  determined  by  converted  formula  of  Walter 

lg(4ii..l- ti  A  or,, 

'  B  i;  * 

where  r  is  the  time  of  pitting  formation  in  minutes; 

v  is  the  viscosity  in  centistokes; 

A  and  B  arc  constants  of  the  Walter  equation. 

Impairment  of  antipitting  properties  of  petroleum  oils  as  temperature  in¬ 
creases  is  explained  by  two  circumstances.  First,  as  temperature  increases  the 
thickness  of  oil  film  separating  the  friction  surfaces  decreases.  This,  evidently, 
leads  to  an  increase  in  the  coefficient  of  friction  and  an  increase  of  tangential 
stresses  in  material  [9],  promoting  acceleration  of  appearance  of  prepitting 
cracks.  Second,  the  less  viscous  oil  more  easily  penetrates  cracks  and  strengthens 
the  formation  of  sores. 

For  oils  containing  antiwear  additives  the  influence  of  viscosity  may  be  not 
determining.  Thus,  durinr  change  of  temperature  of  lubricant  t3iatin-208  from 
20  to  80°  viscosity  is  changed  from  3080  to  40  centistokes,  i.e.,  decreases  by 
77  times,  and  time  to  formation  cf  pitting  remains  constant.  Apparently,  as 
temperature  increases  the  conditions  for  fom-ation  chemisorption  films  on  friction 
surfaces  arc  improved;  that  can  ensure  constancy  of  coefficient  of  friction  (and 
correspondingly,  the  magnitude  of  tangential  stresses),  in  spite  of  the  decreased 
thickness  of  butyric  film.  This  circumstance  is  cause  of  forration  of  pitting 
in  one  and  the  same  time,  in  spite  of  different  viscosity  of  oils.  V.'e  must  assure 
.that  formation  of  pitting  can  be  slowed  down  by  the  fact  that  in  presence  of 
sulfur  heightened  wear  of  friction  surfaces  is  usually  observed  in  regimes  before 
their  Jamming  [9]. 

Influence  of  composition  of  lubricating  materials  on  forration  cf  pitting  is 
well  illustrated  by  following  experiment.  ?*T-16p  oil  and  lubricant  tsiat in-208 
were  heated  to  temperatures  (73  and  80°  respectively)  at  which  they  had  equal 
viscosity  (40  centistokes).  How*. ver,  antipitting  properties  of  lubricating 


materials  determined  in  these  conditions  turned  out  to  be  different  (tsiatus-208  - 
-  189  minutes;  MT-l6p  —  43  minutes). 

Consequently,  antipitting  properties  of  lubricating  materials  are  affected 
both  by  their  chemical  composition,  and  by  viscosity.  Table  1  gives  the  antipitting 
properties  of  certain  lubricating  materials  determined  in  different  test  conditions. 


Table  1 


Test  conditions 

Average 

Lubricating  material 

• 

Temper- 

Load 

time  to 
pitting 
t,  min 

ature, 

°C 

P.  kg 

per  cycle, 
kg/cm2 

Transmission  motor  and  tractor. 

80 

390 

74,600 

93 

Sulphurized  transmission  rotor 
and  tractor . 

80 

390 

74,600 

238 

Experimental  transmission  with 
additive . 

80 

390 

74,600 

87 

SAE-30 . 

80 

390 

74,600 

85 

DS-8  with  additive  vnii  np-360. 

80 

390 

74,600 

100 

Experimental  transmission  motor 
and  tractor  oil . 

80 

390 

74,600 

71 

Tsiatirv-208 . 

80 

390 

74,600 

189 

MT-l6p . 

73 

390 

74,600 

43 

KS-14 . 

80 

390 

74,600 

89 

Diesel  fuel . 

20 

390 

74,600 

13 

’laphthene-paraffin  fraction 
KS-14 . 

20 

300 

68,400 

41 

An  ..tic  fraction  KS-14 . 

20 

300 

68,400 

130 

M3-14 . 

?o 

300 

68,400 

89 

We  must  assure  that  the  antipitting  properties  of  oils  are  greatly  affected 
by  jr.emical  activity  of  products  entering  in  composition  of  oil.  The  dominating 
role  of  aromatic  fraction  in  oils  without  additives  [7],  and  also  retarded 
appearance  of  pitting  of  products  of  oxidation  forming  in  process  of  work  of  oil 
tcsti.'/  to  th  a.  This  fact  was  noted  in  carrying  out  of  experiments  with  sample 
of  synthetic  oil.  For  this  sample  the  time  to  formation  of  pitting  was  equal  to 
147  minutes.  *.dding  to  it  an  antioxidant  additive  decreased  the  time  to 
formation  of  pitting  by  4.5  times.  On  the  basis  of  these  results  it  is  possible 
to  asswne  that  products  of  oxidation  forming  in  oils  during  work  of  machines  can 


v  antipitting  properties  of  initial  oils.  lositive  influence  of 

:  roJ’ic‘.3  of  oxidation  can  apparently  be  explained  by  their  high  chemical  activity 
and  ability  to  form  a  chemisorption  film  on  friction  surfaces,  which  leads  to 
charge  in  conditions  of  friction.  Joint  introduction  of  anticorrosive  and  anti¬ 
oxidant  additives  did  not  change  the  tine  to  formation  of  pitting.  The  absence 
of  essential  distinction  between  a  sample  containing  only  an  antioxidant  additive 
and  a  sample  with  antioxilant  and  anticorrosive  additives  testifies  to  insignificant 
effect  of  corrosion  processes* in  neutral  media  on  the  appearance  of  pitting. 

In  contrast  to  the  effect  of  antioxidant  and  anticorrosive  additives,  intro¬ 
ducing  oil  products  of  sulfur-bearing  substances  led  to  improvement  of  antipitting 
properties  of  initial  products.  This  was  confirmed  by  results  of  experiments 
using  ax  (mercaptobenzothiazole)  and  dibenzyldisulfide. 

The  Captax  was  introduced  in  diesel  fuel  in  quantity  up  to  0.5*  by  weight. 

In  this  the  antifrictioi.  properties  of  diesel  fuels  determined  on  four-ball  friction 
machine  by  the  one  minute  method  at  20*  and  600  rpm  were  significantly  improved. 

At  loads  lower  than  load3  of  ticr.irg  the  maxima  of  coefficients  of  friction  dropped 
as  the  loads  were  increased  as  shown  in  Table  2. 


Table  2. 


Load,  kg 

Coefficient 

of  friction 

Diesel 

fuel 

Diesel  fuel 
and  0.5^ 

Captax 

50 

■9 

0.11 

60 

C.ll 

65 

0.42 

75 

BS®#| 

0.42 

100 

125 

0.23 

150 

0.*Q 

0.14 

175 

0.42 

0.14 

200 

c.41 

0.14 

3  •  . 

*  l  *  .  - 


At  loads  over  1>0  kg  the  coefficient  of  friction  was  not  hi|rher  than  0.15, 
whereas  at  loads  of  close  to  jasning  loads  its  value  attained  O.t,  i.e.,  was  equal 
to  coefficient  of  friction  when  diesel  fuel  was  used  without  Captax.  Apparently, 
due  to  lowering  of  friction  the  formation  of  pitting  was  significantly  delayed. 

Thus,  if  when  using  diesel  fuel  (300  kg,  1500  rjm  and  20*)  pitting  on  ball  was 
formed  educated  on  the  average  after  30  r.inutes,  then  introduction  Captax  led  to 
increase  of  tine  to  114  minutes. 

The  essential  influence  of  Captax  on  improvement  of  antipitting  properties  cf 
even  those  materials  possessing  poor  lubricating  properties  such  as  diesel  fuel 
shows  the  perspectives  of  using  additives,  strongly  able  to  lower  friction  in 
conditions  of  high  contact  loads  to  improve  the  antipitting  properties  of  oils. 

The  antipitting  properties  of  oils  with  additives,  just  as  their  antiwear 
properties  [9],  depend  on  the  concentration  of  the  additives.  Thus,  introduction 
of  0.05  mole/liter  of  dlbenzyidisulfide  into  napthene-paraffin  fraction  (NPF)  oil 
MS-14  did  not  affect  the  antipitting  properties  of  initial  product.  Increasing 
the  concentration  of  diberzyldisulfide  to  0.15  mole/liter  had  an  essential  influ¬ 
ence  on  improvement  of  antipitting  properties  of  NFF.  Average  time  to  formation 
of  pitting  was  ij. creased  from  41  to  69  minutes.  However,  it  turned  out  that  with 
increase  of  load  to  390  kg,  dibenzylHl3ulfide  did  not  have  an  es-ential  influence 
on  improvement  of  antipitting  properties  of  initial  oil.  We  can  assune  that 
significant  1;  rease  of  loads  can  lead  to  destruction  of  the  relatively  soft 
sulfide  layers  of  metal,  forming  during  friction.  Wide  research  using  different 
additives  can  give  the  final  answer  to  this  question. 

Molybdenum  disulfide  has  an  especially  high  effect  in  improvement  of  antipitting 
properties  cf  oils.  Adding  specially  pure  MoS^  (quantity  of  impurities  in  it  was 
less  than  0.20*)  of  high  dispersiveness  (95*  particles  had  radii  of  particles  less 
than  2  m  )  in  -ineral  oils  in  quantity  about  It  led  to  increase  of  time  to 
formation  of  pitting  by  2-3  times.  However  in  carrying  out  the  expe*  t  was 


ir.;r to  guarantee  absence  of  precipitation  of  rciyfc;»-\r  iisj’Tid*  from 
ant  continuous  entering  of  preparation  in  contact  zones  of  friction  surfaces. 
Therefore,  to  clarify  the  effect  of  MoS^  concentration  in  lubricating  iraterials 
on  their  antipitting  properties  it  is  expedient  to  use  semithick  lubricants.  A 
mixture  consisting  of  60t  diesel  fuel  and  AOt  GOI-54  lubricant  turned  out  to  be 
expedient.  Experiments  were  conducted  at  20°,  390  kg  and  1500  rpn.  Molybdenum 
disulfide  was  introduced  in  quantity  from  0.1  to  2.0%  by  weight.  Small  additions 
of  M0S2  to  oil  turned  out  to  be  (Fig.  3)  absolutely  ineffective.  However,  already 
at  a  concentration  t  4ual  to  1%  by  weight,  pitting  was  not  revealed  even  after 
5  hours  of  continuous  work,  whereas  during  work  on  initial  mixture  it  appeared  in 
13-2o  minutes. 

Special  experiments  established 
that  stopping  the  introduction  of  MoS^ 
during  friction  in  contact  zone  stopped 
the  braking  of  formation  of  pitting  [7]. 

The  high  pitting-stability  of  oil 
products  containing  M0S2  can  apparently 
be  explained  by  the  following.  In 
conditions  of  high  contact  loads  M0S2 
promotes  significant  lowering  of  friction 
of  contacting  surfaces.  Due  to  this 
the  contact  tangential  stresses  de¬ 
crease  and  formation  of  surface  cracks  from  which  sx:bsequently  pitting  sore3  are 
developed  is  hampered. 

The  effectiveness  of  using  Mo52  was  checked  in  reductors.  During  introduction 
of  it  in  quantity  of  1.5*  by  weight  in  mineral  oil  it  was  established  that  the 
working  surface  of  toothed  wheels  of  reductor  with  transmitting  power  up  to  500  hp 
after  40 0  hour?  of  work  almost  did  not  have  pitting  destructions.  The  toothed 


concentration  of  M0S2 
on  antipitting  property 
of  lubricant. 

KKT:  (a)  Time  to  for¬ 
mation  of  pitting  t, 
minutes;  (b)  Content  of 
M«of>2»  %>  by  weight. 


ihstls  of  a  second  reductor  working  in  analogous  conditions  using  an  oil  not 
containing  K0S2  had  significant  pitting  destructions  and,  in  accordance  with  their 
repair  specifications  they  had  to  be  replaced. 

Using  M0S2  not  only  slowed  down  the  development  of  pitting,  but  also  promoted 
a  significant  lowering  of  wear  of  teeth  by  abrasion.  Wear  of  teeth  during  appli¬ 
cation  of  oil  with  M0S2  was  in  2-2.5  tines  less  than  during  application  of  oil 
not  containing  KoS^. 

The  qualitative  correlation  of  results  obtained  on  laboratory  installation 
and  in  using  machines  was  determined  on  six  samples  of  lubricating  rate  rials. 
Lubricating  materials,  in  whose  presence  the  time  to  formation  of  pitting  was 
large,  turned  out  to  be  best  when  using  reductors  with  straight-toothed  gears. 
However,  for  reductors  with  teeth  of  other  types  (in  particular  spiral)  a  similar 
correlation  was  not  narked. 

With  the  help  of  qualitative  correlation  we  can  determine  the  antipitting 
properties  of  lubricating  materials  in  laboratory  conditions  on  four-ball  friction 
machine,  which  sJ^ificantly  accelerates  these  tests  and  lowers  their  expenditure. 

Conclusions 

1.  Antipitting  properties  of  lubricating  materials  can  quickly  and  reliably 
be  estimated  on  a  four-ball  friction  machine  adjusted  for  work  in  conditions  of 
rolling. 

2.  Ability  of  lubricating  materials  to  slow  down  the  development  of  pitting 
depends  on  their  viscosity  and  chemical  composition. 

3.  Additives  introduced  in  lubricating  materials  depending  upon  their 

composition  ard  concentration  can  manifest  braking  action  on  development  of  pitting 
or  accelerate  it. 

4.  Dete-mining  the  properties  of  lubricating  materials  and  their  additives 
enables  us  to  rore  fully  estimate  their  exploitational  qualities. 
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THE  EFFECT  OF  OIL  ADDITIVES  ON  CORROSICNAL 
WEAR  OP  BEARIND  ALLOTS 

K.  S.  Ramayya  and  V.  S.  Zavel'skiy 
KAMI* 

For  lubricants  of  motors  with  bearings  of  plumbous  bronze  oil  with  additives, 
containing  an  anticorrosive  component  are  used.  In  certain  oil  additives  this 
component  is  sulphurized  oil  —  additive  tsiatim-300  (naks),  additive  aznii-A, 
[tsiatim:  Central  Scientific  Research  Institute  of  Aviation  Fuels  and  Oils;  aznii: 
Azerbaijan  Scientific  Research  Fetroletn  Institute  named  for  V.  V.  Kuybyshev),  and 
others.  In  alkylfenol  additives  the  anticorrosive  component  may  be  the  disulfide 
group  introduced  into  the  molecule  of  additive.  The  thiophosphoric  group  contained 
in  multifunctional  additives,  ha3,  >  aides  other  properties,  anticorrosive  ones. 

Recently  ior  bearings  of  automobile  gasoline  motors  we  have  used  lead  alloy 
SOL 6--*  [SOL:  lead,  tin,  antimony]  with  high  antifriction  properties,  into  whose 
cor. ->sition  enters  38%  lead,  6^  tin  and  6t  antimony. 

Such  alloys  are  less  stable  in  an  corrosional-aggressive  oil  mediae  than 
stannous  bobbit,  whose  staoility  significantly  exceeds  U.  t  of  plumbous  bronzes. 
During  creation  of  S OGo-o  alloy  Its  corrosion  in  an  oil  nedtr.  was  specially 
Investigated  an!  that  composition  i.r.ith  ensured  normal  work  f  bearings  in  running 

•Scientific  Research  Autonobile  and  . utonotive  Institu  *  . 


motors  on  oil  without  additive  was  selected.  Therefore,  the  question  about 
application  of  oils  with  special  anticorrosive  additives  for  motors  with  bearings 
of  SOS6-0  alloy  did  not  arise. 

Multifunctional  additives  to  motor  oils  contain  other  components  besides  the 
anticorrosive  component.  The  washing  component,  in  most  cases  a  compound  of  metal 
with  organic  acids  or  phenols,  usually  is  a  catalyst  to  oil  oxidation.  It  can 
appear  that  anticorrosive  component  of  such  additive  i3  not  in  a  state  to  counter¬ 
act  the  corrosional  aggressiveness  of  the  oil  strengthened  by  oxidation. 

Addition  tsiatin-330  (naks)  containing  cobalt  naphthenate  as  a  washing  component 
belongs  to  this  category  of  additives.  For  this  reason  oil  with  this  additive  is 
not  used  in  motors  with  plumbous  bronze. 

The  question  of  what  effect  the  additive,  in  particular,  tsiatim-330  (naks), 
has  on  corrosion  wear  of  SOS 6-6  alloys  remains  unclarified.  Therefore,  many 
autoworkshops  do  not  use  oil  with  additives  in  motors  with  bearings  of  SQS6-6  alloy. 
The  M.'lfA  instruction  for  the  ’Tuscovite"  automobile  [MZKA:  Moscow  Factory  of  Small 
displacement  Automobiles]  contains  a  reservation  prohibiting  using  oil  with  additive 
isiatijn-330  (naks). 

This  work  is  dedicated  to  clarification  c the  effect  of  oil  additives  on 
corrosion  wear  of  S0S6-6  alloy. 

Wear  of  SOS6-6  alloy  was  determined  on  installation  IPS-MAKI  and  compared 
with  wear  of  stannous  alloys  B-83. 

The  following  additions  were  investigated:  tsiatim-330  (naks),  tsiatim-339 
and  DF-1. 

The  corrosional  aggressiveness  of  oils  with  these  additives  with  respect  to 
lead  was  determined  in  a  DK-2  instrument  at  140°  (GOST  8245-56)  (GOST:  All-Union 
Government  Standard]  for  25  hours.  We  found  hew  much  the  corrosional  wear  of 
lead  during  work  without  friction  corresponds  to  the  corrosional  wear  of  lead 
alloy  SOS 6-6. 


1  V 


*■> 


Research  of  lead  Corrosion  in  a  DK-2  Instrument 


During  the  teat  on  the  DK-2  instrument  the  weight  of  S0S6-6  alloy  plates  did 
not  decrease. 

Results  of  test  of  lead  plates  in  industrial  50  and  DS-8  oils  without  additive 
and  with  naks  and  the  washing  component  of  naks  —  cobalt  naphthenate  (1.34^) 


are  shown  in  Fig.  1. 

Results  of  test  of  oils  with  addition  DF-1  are  not  shown  on  the  graph  since 
oil  with  this  additive  practically  did  not  corrode  lead  after  25  hours. 

Curves  1  and  2  show  that  additive  naks,  added  to  industrial  50  oil  in  first 
5-6  hours  of  the  test  almost  completely  prevents  corrosion,  but  subsequently 
sharply  strengthens  it.  The  additive  cobalt  naphthenate  in  first  moment  of  test 
strengthens  corrosion  curve  3. 


Fig.  1.  Effect  of  additive 
naks  and  cobalt  naphthenate 
on  corrosion  of  lead  in 
industrial  50  and  DG-8  oils 
determined  on  a  DK-2  instru¬ 
ment  at  140*. 

1)  industrial  50  oil;  2)  with 
additive  naks;  3)  with  cobalt 
naphthenate;  £)  oil  DS-8;  5) 
with  additive  naks;  6)  with 
cobalt  naphthenate, 

KEY:  (a)  V/eight  loss  of  lead, 
g/m2;  (b)  Tire,  rJLn. 


Since  addition  naks  consists  of 
cobalt  naphthenate  and  sulphurized  oil, 
the  difference  in  corrosion  of  lead 
in  samples  of  oil  with  these  additives 
should  be  a  result  of  the  protective 
property  of  film,  which  the  sulphurized 
oil  creates  on  surface  of  lead.  In 
the  first  hours  of  test,  obviously, 
the  film  completely  prevents  penetration 
of  aggressive  acids  to  surface  of  netal; 
subsequently  the  film  ^s  destroyed,  but 
not  completely,  which  is  confirmed  by 
data  of  speed  of  corrosion.  The  higher 
anticorrosive  effectiveness  of  additive 
tsiatir-339  as  compared  to  additive  naks 
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is  **xplai  red  not  only  by  the  large  effectiveness  of  protective  film,  but  also  by 


the  fact  that  this  additive  can  to  a  known 
during  oxidation  of  oil. 


Fig.  2.  Influence  of  oleic  acid  on 
lead  corrosion  in  industrial  50  and 
D3-8  oils  with  additives,  determined 
on  PK-2  instrument  at  140°.  Tire  of 
test,  30  minutes. 

1)  industrial  5C  oil  without  additive; 

2)  with  additive  r.aks;  3)  with  additive 
tsiatin-339;  4)  with  additive  DF-1; 

5)  03-8  oil  without  additive;  )  with 
additive  naks;  7)  with  additive 
tsiatir.-339;  8)  with  additive  DF-1 , 

KFTY:  (a)  Corrosion,  g/r.  ;  'b)  Indua- 
tr4al  50;  (c)  Concentration  of  acid 
ir.  oil,  rgK0H/g  of  oil. 


decree  neutralize  the  acids  forming 

To  clarify  the  particular  anti¬ 
corrosive  properties  of  additives, 
including  the  effectiveness  cf  the 
protective  film  created  by  the  additives, 
we  set  up  special  experiments  on  a 
DK-2  instrument.  To  the  tested  samples 
of  oil  were  added  various  quantities 
of  oleic  acid.  The  experiments  were 
conducted  for  30  minutes,  which  precluded 
noticeable  oxidation  of  oil  and  for¬ 
mation  of  additional  quantity  of  acids, 
i.e.,  the  method  of  determining  the 
real  corrodibility  of  oils  was  used. 

The  data  in  Fig.  2  show  that  the 


antiorrosive  properties  of  additive 
naks  is  sufficiently  high.  True,  up  to  a  concentration  of  oleic  acid  in  oil  equal 
to  1  mgKOH  the  corrosion  of  lead  in  industrial  50  oil  with  additive  naks  is  greater 
than  in  the  same  oil  with  additives  tsiatim-339  and  DF-1,  but  during  further  in¬ 
crease  of  acid  concentration  the  additive  in  this  sample  of  industrial  50  oil 


corrodes  less  than  additives  in  the  other  two  samples  of  oils. 

Consequently,  the  protective  tilm  created  by  naks  on  surface  of  lead  is  more 
effective  than  the  films  created  by  additives  tsiatk.-339  and  DF-1.  Furthermore, 
the  film  under  action  of  increased  concentration  of  acid  in  oil  not  c.ily  is  rot 


destroyed,  but  is  even  strengthened  somewhat. 
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Pig.  3.  The  effect  of  oleic  acid  on 
corrosion  of  lead  in  industrial  50  and 
DS-8  oils  with  additives  determined  on  DK-2 
instrument  (temperature  140°). 

At  acid  concentration  in  oil  corresponding 
to  3  mgKOH/g  of  oil: 

1)  industrial  50  without  additive;  2)  the 
same  with  3%  tsiatim-339;  3)  the  same  with 
3.5^  DF-l;  4)  the  same  with  3*  naks;  5)  DS-8 
without  additive;  6)  the  same  with  tsiatim-339; 
7)  the  same  with  DF-l;  8)  the  same  with  naks. 
la-8a  corresponding  curves  at  acid  concen¬ 
tration  in  oil  corresponding  to  1  mgKOH/g  of 
oil. 

KEY:  (a)  Corrosion,  g/nr;  (l ?)  Industrial  50; 
(c)  Time,  hours. 


Continuation  of  test  of  these  samples  of  oils  with  additives  and  added  oleic 
acid  added  to  them  (up  to  10  hours)  shows  a  fundamental  difference  in  behavior  of 
jfil*3  created  bp  ^  and  the  other  -wo  additives.  As  can  be  seen  from  Pig.  3$ 
with  increase  of  acid  concentration  the  effectiveness  of  the  film  created  by 
tsiatim-339  and  DF-l  decreases.  Thus,  e.g.,  at  an  acid  concentration  equal  to 
X  mg^OH/g  of  oil,  after  4-hour  tests  the  film  created  by  DF-l,  decreases  the 
corrosion  in  industrial  50  and  DS-8  oils  from  60-55  g/»  to  30  g/m  .  The  film 
created  by  tsiatim-339  is  even  more  effective.  The  film  created  by  naks  acts 
differently:  thus,  in  industrial  50  oil  after  4-hour  t-sts  as  acid  concentration 
Increases  1  to  3  sgKDH/g  of  oil  the  protective  effect  of  film  is  increased  from 
20  to  50  g/m  ,  and  in  DS-8  oil,  from  50  to  110  g/m  .  However,  independent  of  acid 
concent  ration  the  film  created  by  naks  after  5-7  hour  test  loses  its  effectiveness; 


corrosion  in  this  oil  sharply  increases  and  starts  to  significantly  exceed  the 
corrosion  in  oil  without  additive.  The  research  conducted  oi.  the  DK-2  established 
that  cobalt  naphthenate  in  naks  accelerates  the  corrosion  of  lead.  The  anti¬ 
corrosive  component  of  additive  can  create  a  protective  film  chemically  stabler  in 
medium  of  organic  acid  than  films  created  by  tsiatim-339  and  DF-1.  However  this 
film  in  an  oxidising  oil  medium  is  destroyed  significantly  faster. 


Research  of  Corrosional  Wear  on  IP3-NAKI  Installation 


To  evaluate  the  dependence  of  wear  of  bearing  alloys  on  quality  of  oil  we  used 
the  TP3-UAKI  installation,  whose  diagram  is  shown  in  Fig.  4.  The  friction  pair  of 
the  installation  is  steel  cylinder  1,  put  on  vertical  revolving  shaft  2,  and  the 
two  blocks  3  pressed  to  it  with  the  help  of  load  mechanisms.  Diametrical  location 
of  blocks  unloads  the  shaft.  The  blocks  on  "dove tail"  are  inserted  in  mountings  4. 
Mountings  are  united  with  load  mechanism  by  ball  and  socket  Joint  5,  making  them 
self-adjusting.  The  load  mechanism  consists  of  pushers  6  and  levers  7  and  8.  Arms 
of  levers  are  in  such  relationship  that  pressure  of  load  9  is  increased  tenfold. 

The  friction  pair  is  placed  in  bath 
10  :\nd  during  work  is  dipped  in  oil. 

The  required  temperature  of  oil  is 
supported  with  the  help  of  heating 
element  11,  located  under  bath,  and 
IATR  [LATR:  Laboratory  Automatic  Trans¬ 
former). 

The  blocks  are  changed  when  the 
bath  is  lowered;  to  replace  them  lifting 
mechanism  12  will  be  used. 
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Fig.  4.  Diagram  of  IPS-f’AMT  installation. 


The  corrosional  aggressivness  of  oil,  or  corrosional  stability  of  bearing 
alloy,  are  estimated  by  the  decrease  of  weight  of  blocks. 


*  * 
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for  comparative  appraisal  of  the  effect  of  different  additives  on  wear  of 
bearing  alloys  the  following  method  was  used. 


Fig.  5.  Dependence  of  speed 
of  wear  of  SOS6-6  alloy  on 
acid  concentration  in  oil, 
determined  on  IPS-VAKI  instal¬ 
lation. 

1)  industrial  50  oil  without 
additive;  2)  oil  with 
tsiatim-339;  3)  oil  with  naks; 
4)  oil  with  DF-1;  5)  oil  with 
cobalt  naphthenate;  6)  oil 
without  additive;  7)  oil  with 
oleic  acid  (3  mg  KOH/g  of  oil); 
8)  the  sane  with  naks. 

KET:  (a)  Wear,  g/m2;  (b)  Time, 
hours;  (c)  Without  acids. 


Fig.  6.  Dependence  of  speed 
of  wear  of  SOS6-6  alloy  on 
acid  concentration  in  oil  with 
various  additives  determined 
on  installation  IPS-NAMI. 

1)  industrial  50  oil  without 
additive;  2)  oil  with  tsiatim-339; 
3)  oil  with  naks;  4)  oil  with  DF-1; 
5)  oil  with  cobalt  naphthenate. 

KrT:  (a)  Loss  rate,  g/m2  hr; 

(b)  Acid  concentration  in  oil, 
agKOK/g  of  oil. 


Into  a  washed  and  dried  bath  pour  250  ml  of  tested  oil.  Insert  the  prelimi¬ 
narily  processed  blocks,  thoroughly  washed  in  gasoline,  dric<<  and  weighed,  in 
mountings.  Together  with  the  mountings  put  them  on  spherical  pins,  lift  the  bath 
and  turn  on  the  heating.  After  the  oil  temperature  attains  the  required  experimental 

1  index  (in  these  experiments  140*),  turn  on  the  drive  of  installation  and  load.  The 
specific  pressure  on  the  blocks  is  equal  to  20  kg/cm^.  The  wear  of  tested  bearing 
alloy  is  determined  by  weighing  the  blocks  every  0.5  hour  of  test.  After  3  hours 
of  work  to  th*f  tested  oil  add  oleic  acid  in  ?uch  quantity  so  that  its  concentration 
corresponds  to  1.0  mgKOH/g  of  oil.  Then  after  3  hours  of  tests  the  aciu  concen¬ 
tration  is  again  increased  to  2.5  or  3.0  mgKOH/g  of  oil.  Thus,  the  test  continues 

i'SJ 


12-15  hours. 

The  obtained  data  on  wear  of  five  samples  of  oils  are  given  In  graphs  of 
Fig.  5*  For  all  arid  concentrations  the  curves  for  industrial  50  oil  with 
tsiatim-339  (curve  2)  and  for  oil  with  additive  DF-1  (curve  4)  lie  lower  than 


curve  1  for  industrial  50  oil  without  additive.  Meanwhile  at  acid  concentration 
of  2  mgKOH/g  of  oil  and  above  the  curves  for  samples  of  oil  with  naks  and  cobalt 
rvuhthenate  steeply  rise  and  intersect  curve  1  for  oil  with  additive.  In  this 


the  curve  for  sample  of  oil  with  naks  lies 
naphthenate,  Indicating  that  even  in  these 
although  insufficiently  effectively. 


Fig.  7.  Dependence  of  sr  • 'I 
of  wear  of  babbit  B-C3  on  arid 
concentration  in  oils  with 
various  additives,  deterndned 
on  IFS-!!AKI  installation. 

1)  oil  without  additive;  2) 
industrial  50  oil  with  additive 
tsiatin-339;  3)  oil  with 
additive  naks.  5 

KKY:  (a)  Spec,  of  wear,  g/n 
hour;  (b)  Acid  concentration  in 
oil,  rgKOH/g  of  oil. 


lower  than  curve  for  oil  with  cobalt 
conditions  the  protective  film  acts, 

2 

The  speed  of  wear  in  g/n  hr  for 
every  concentration  of  acid  in  oil, 
calculated  by  slope  of  line  segment  of 
curve  for  this  concentration,  is  graphi¬ 
cally  depicted  in  Fig.  6.  Figure  7  gives 
similar  data,  obtained  for  babbit  B-83. 
"he  results  shown  in  these  figures,  and 
ais->  iiditlonal  materials  on  change  of 
speed  of  wear  of  S05&-6  alloy  during 
test  of  nS-8  oil  fror.  sul  fur-bearing 
oils  and  on  speed  of  wear  of  lead  are 


given  in  the  table.  In  the  *ace  place  are  given  the  magnitude  of  change  of  speed 


of  lead  corrosion,  determined  on  PK-2  instrurent.  From  th^se  daua  it  is  clear 
that  as  acid  concentration  increases  to  rgffH/g  of  oil  speed  of  wear  of  SCSo-6 
alloy  and  babbit  3-83  drops  sharply.  Speed  of  wear  of  lead  is  increases  core  than 
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Influence  of  Oleic  Acid  in  Oils  with  Additives  on  Speed  of  Wear  of  Fearing 

Alloys 

I  I  I  Speed  of  wear,  g/n^  hour 


Additive 


—  SOS  6-6 
Tsiatim-339  SOS  6-6 
flaks  SOS  6-6 
DF-1  SOS  6-6 
Cobalt 

naphthenate  SOS  6-6 


I  Industrial  I  _ 


IPS- NAM 

>5 

Ts5ati»-339 

Raks 

Tsiatim-339 

Naks 

Naks 

,  Naks 

Industrial 

Cobalt 

m  5C 

naphthenate 

i 

Tslatim-339 

» 

o  DS-8 

flaks 

Babbit 

Babbit 

Babbit 

Lead 

Lead 

Babbit 

SOS  6-6 


I-ead 

Lead 

lead 

Lead 


lead 


9.0 

10.3 

8.3 

3.5 

11.7 

6.5 

7.5 
4.0 

160.0 

55.0 

4.5 
9.2 


4.0 

16.4 

20.4 

10.0 


Concentration  of  acid  in  oil, 
mgKOH/g  of  oil 


5.2 

5.3 

15.0 

5.5 


3.8 

3.5 

3.2 

400.0 

210.0 

3.5 

6.0 


18.7 


240 
0.9 
6 


8.7 

13.7 

23.2 

4.2 

117.0 


1 


400.0 

1.5 

18.5 


20.8  — 


ncriHi  Speed  of  corrosion  of  lead  in  B1C-2  Instruaent  is  calculated  between  20  and 
25  hours  of  test. 

Decrease  of  wear  of  alloys  B-83  and  SOS  6-6  for  small  concentrations  of  oleic 
acid  is  in  full  consent  with  conventional  views  on  influence  of  organic  acids  on 
wear  of  metals. 

With  further  increase  of  acid  concentration  in  oil  with  additives  naks  and 
oohalt  naphthenate,  the  speed  of  wear  of  SOS  6-6  alloy  is  sharply  increased,  and 
speed  of  wear  of  babbit  (alloy  B-?3)  remains  very  low.  In  comparing  the  data  on 
change  of  sp«  ed  of  wear  of  lead  and  30o  6-6  alloy  (during  test  on  oil  with  additive 
tsiatia-339)  it  is  clear  ‘hat  lead  wears  out  in  a  corrosive  medium  30-40  tires  more 
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tr;*n  •  *  .>  o-6  alloy,  and  100-130  time3  more  than  babbit.  However,  as  one  may  see 
::or  given  experimental  material,  the  speed  of  corrosional  wear  of  SOS  6-6  alloy 
with  srail  concentrations  of  acid  in  oil  is  small,  and,  more  importantly,  in  these 
limits  it  is  increased  as  with  acid  concentration  increases. 

For  all  tested  samples  of  oil  with  the  exception  of  oils  with  additives  naks 
and  cobalt  naphthenate  the  absolute  value  of  wear  of  alloys  SOS  6-6  and  B-83  is 
approximately  equal  and  does  not  exceed  10  g/m^  hour. 

The  acid  concentration  is  increased  every  3  hour  of  the  test;  consequently,  a 
concentration  equal  to  3  mgKOH/g  of  oil  is  attained  after  only  9  or  12  hours  of 
test.  Therefore,  the  question  can  arise:  is  not  the  observed  increase  of  speed  of 
wea-  with  thi3  concentration  (see  Fig.  6  and  table)  a  result  of  destruction  of 
protect  ive  film,  as  on  lead  plates  (see  Figs.  2  and  3).  However,  the  data  given 
in  upper  part  of  Fig  5,  obtained  during  tests  of  samples  of  oils  to  which  acid  wa3 
added  in  beginning  of  experiment,  show  that  protective  film  in  conditions  of 
friction  acts  differently.  Curve  7,  characterizing  the  effect  of  oleic  acid, 
although  it  lies  somewhat  higher  than  curve  6,  showing  corrosional  aggressiveness 
of  clean  oil,  has  a  slope  identical  to  it;  this  indicates  that  oleic  acid  does  not 
increase  the  speed  of  wear  of  SOS  6-6  alloy.  Curve  8,  pertaining  to  additive  naks, 
has  a  significantly  larger  slope,  which  indicates  a  higher  speed  of  wear.  If  curves 
6  and  7  show  a  speed  of  wear  equal  to  8  g/r.*  hour,  -urve  8  shews  a  speed  of  wear 
equal  to  23  g/m^  hour.  These  magnitudes  coincide  with  magnitudes  given  in  table. 
That  is,  the  protective  film  created  by  additive  naks  is  stable  in  aggressive  acid 
medium,  in  absence  of  friction;  in  conditions  of  friction  it  starts  to  be  destroyed 
in  the  actual  beginning  xperimer.t,  and  corrosional  wear  increases  intensely. 
Furthermore,  in  the  pres-r. v.  of  cobalt  naphthenate  in  oil  separately  or  in 
composition  of  additive  naks  the  "lubricating”  or  "polishing"  action  cf  oleic  acid 
on  surface  of  SOS  6-6  alloy  plat.e  disappears.  Consequently,  the  data  shown  in  Figs. 
6  and  7  and  in  Table  1  show  that  the  depen  fence  of  speed  of  corrosional  wear  of 


alloys  SOS  6-6  and  B-83  on  acid  concentration  and  effectiveness  of  protective  films 
created  by  additives  on  surface  of  these  alloys  in  conditions  of  friction. 

Organic  acids,  forming  in  oil  during  work  of  motor,  can  be  corrosionally  bo re 
aggressive  than  oleic  acid.  These  acids  are  forced  not  only  due  to  oxidation  of 
oil,  but  also  as  a  result  of  incomplete  combustion  of  fuel.  However,  one  may 
assume  that  the  general  regularities,  about  which  this  article  is  concerned,  are 
also  Just  for  conditions  of  work  of  motor. 

In  the  table,  in  the  column  with  the  data  on  change  of  speed  of  wear  of  alloys 
SOS  6-6  and  babbit,  obtained  on  IPS-NAKI  installation,  are  given  the  magnitudes  of 
change  of  sp<“»d  corrosion.  These  magnitudes  were  calculated  on  the  basis 

of  curves  of  lead  corrosion  on  PK-2  instrument  between  20  and  25  hours  of  test 
(Fig.  l),  i.e.,  after  practically  full  destruction  of  protective  film.  It  is  easy 
to  see  their  similarity  with  the  data  on  speed  of  wear  of  alloy  SCS  6-6.  This 
similarity  enables  us  to  judge  about  corrosional  aggressiveness  of  oil  with 
additives  with  respect  to  this  oil  to  alloy  SCS  6-6  (or  about  corrosional  wear  of 
alloy  SCS  6-6)  based  on  the  data  of  test  of  lead  corrosion  in  DK-2  instrument. 

This  research  was  conducted  at  acid  concentrations  approaching  high  values  in 
crder  to  clarify  character  of  behavior  of  oil  with  various  additives  in  wile  limits 
of  acidity.  In  conditions  of  work  of  motor  acid  numbers  on  the  order  of  3  mgKOH 
hardly  occur  (in  this  the  acids  usually  are  more  corrosively  aggressive).  Therefore, 
cn  the  basis  of  conducted  research  one  may  assure  that  additives  containing 
sulphurized  oil  as  anticorrosive  component  are  not  useful  for  application  in  motors 
with  plumbous  alloy  SCS  6-6  bearings.  From  the  given  data  also  it  is  clear  that 
additives  of  type  PF-1,  in  which  the  anticorrosive  component  is  the  thiophosphoric 
group,  ensure  the  best  protection  to  plumbous  alloy  bearings. 
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METHOD  OF  AP1RAISAL  OF  WORKING  PROFF.RT1ES  OF  INHIBITED 

INSULATING  OILS 

K.  I.  Ivanov,  R.  A.  Lipsteyn,  A.  Ta. 

Mikhel*son,&nd  A.  A.  Luzhetskiy 
VTI 

The  existing  laboratory  methods  of  evalua  ing  the  stability  of  insulating  oils 
do  not  completely  reproduce  their  working  retires,  (the  effects  of  hard  insulating 
and  constructive  materials,  electrical  field  and  so  fo»*th  are  not  counted),  and, 
therefore,  they  can  give  results  differing  from  those  obtained  in  practice. 

Moreover,  oil  acceptable  in  one  country  is  frequently  rejected  as  unfit  in 
another  country. 

Especially  unreliably  laboratory  methods  (too  optimistically)  evaluate  the 
Inclination  to  aging  cf  inhibited  insulating  oils- 

The  possibility  of  using  the  results  of  field  teats  to  evaluate  oil  quality  is 
very  limited,  inasmuch  as  such  tests  continue  many  years  (for  g<"  !  and  inhibited 
oils  10-15  years  and  mo<e). 

These  causes  made  it  n-cessary  to  create  a  method  which  would  most  closely 
approach  the  working  conditions  of  oils  in  use. 

The  essence  of  this  method,  developed  by  the  authors  with  the  participation  of 
Moscow  Tran3'onr.er  Factory,  consists  in  testing  the  oil  for  aging  (for  750  hours) 
in  s  real  small  power  transformer,  idling  at  double  the  maximim*.  electric  field 


strength.  To  decrer se  the  test  period  the  process  of  oil  aging  was  strengthened 
by  using  special  attachments  ensuring  oil  heating  to  +95* ,  its  saturation  by  ojqrgen 
and  circulation  of  oil  in  the  zone  of  the  field. 


Fig.  1.  Diagram  of  equipment  applied  for  testing  oils  by 
the  stand  method. 

l)  contact  thermometer;  2)  transformer  tank;  3)  additional 
tank;  4)  rheometer;  5)  bottle;  6)  electric  stove;  7)  relay; 

8)  signal  lamp;  9)  electric  heater  of  tank. 

KEY:  (a)  Oxygen. 

The  basic  diagram  cf  eqv;;~cnt  used  in  testing  by  this  method  is  shown  in 
?ig*  1.  and  a  general  view  of  the  transformer  with  outlying  tank  is  shown  in  Fig. 
2.  The  last  one  is  united  with  the  main  tank  of  transformer  by  two  branch  pipes 
to  guarantee  oil  circulation. 

There  are  three  sources  of  preheating:  transformer,  electric  heater  on  spare 
tank  and  electric  stove  under  the  bottom  of  transformer;  these  ensure  sufficient 
mixing  of  oil  due  to  thermal  convection. 

The  oil  is  saturated  with  oxygen  by  supplying  it  in  the  spare  tank  at  speed 
25  al/min.  This  very  insignificant  quantity  of  oxygen  is  fully  sufficient  for 
necessary  acceleration  of  aging  process. 

The  quality  of  oil  is  determined  during  its  work  according  to  the  change  of 
complex  of  indices:  inclination  to  form  low-molecular  water-soluble  acids  at  the 
start  of  aging  (after  100  hours),  total  acidity,  quantity  of  deposit,  tangent  of 


dielectric-less  angle  (tgd),  characteristics  of  the  state  of  hard  insulation 
(durability  of  surgical  tape  and  paper  to  breaking  and  so  forth),  corrosional 
aggressiveness  with  respect  to  copper,  and  others  [2], 

With  this  new  method  we  conducted  a  number  of  tests:  Soviet  goods  and 
experimental  oils  obtained  from  new  raw  material  and  by  improved  technology 
(selective  purification,  hydrogenation,  aulfonation),  and  imported  oils. 

With  this  method  we  also  estimated  the  effect  on  stability  of  oils  of  land 
purification  and  degree  of  their  washing  after  neutralization,  etc.,  and  ability  of 
additives  (inhibitors,  deactivators,  and  others)  to  slow  down  the  aging  of  oils. 

Table  1  gives  the  results  of  test  of  certain  investigated  oils. 

Uninhibited  Soviet  oils  in  process  of  tests  significantly  lower  the  mechanical 
durability  of  hard  insulation  —  surgical  tape  and  cable  paper.  English  oil  will 
form  2-4  times  less  water-soluble  and  high-molecular  acids. 

In  contrast  to  Baku  oils  of  1959  and  Qnba  crude  (1957-1959)  English  uninhibited 
oil  in  process  of  aging  changes  little  externally  (color,  transparency)  and  does 
not  evoke  color  change  in  insulation  of  transfonner  or  formation  of  deposit  on 
windings  or  in  magnetic  circuit. 

The  new  method  gives  a  more  objective  and  diverse  appraisal  of  working 
properties  of  inhibited  insulating  oils  than  other  known  Soviet  and  foreign  methods. 

Table  2  gives  the  results  of  test  on  stand  and  per  COST  961-55  of  the  ability 
of  additive  Ionol  to  inhibit  the  aging  Baku  and  sulfur-bearing  eastern  (basically 
Tuymasinsk)  oils. 

Let  us  note  that  in  studying  the  oxidation  of  oil  in  laboratory  conditions  by 
the  method  of  COST  981-55  or  other  methods  (including  HEX)  additive  Ionol,  added 
in  concentrations  of  0.2%  and  higher,  independent  of  origin  of  oils  to  which  it  is 
added  from  Baku,  Fkba  or  eastern  sulfur-bearing  oils,  almost  completely  prevented 
the  oxidation  of  oils,  i.e.,  formation  of  deposit,  low-molecular  or  high-molecular 
acide. 
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Table  1.  Results  of  Testing  Oils  on  Transformer  Stand  by  the  New  Method 
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T*bl«  2.  Teat  of  Transformer  Oils  with  Additives 


KEY:  (a)  Oil  output;  (b)  Earth;  (c)  Drain; 

(d)  To  the  atmosphere;  (e)  Oxygen. 

In  a  test  on  stand  additive  Tonol  turned  out  to  be  less  effective,  although 
the  direction  of  its  action  determined  by  laboratory  means  was  maintained. 

According  to  laboratory  data  adding  0.3*  Tonol  (1957,  lot  I)  to  oil  from 
sulfbr-bearing  eastern  oils  of  phenol  purificati?n  containing  1 %  sulfur  makes  the 
oil  to  very  stable  (deposit  and  acids  practically  will  not  be  formed). 

Bench  tests  of  the  same  oil  not  only  with  0.3,  but  also  with  0.7%  Ionol  showed 
that  although  it  decreases  the  content  of  deposit  (true,  not  to  such  a  degree  as 
in  laboratory  appraisal),  the  additive  but  little  affects  the  yield  of  acids, 
including  low-molecular,  does  not  prevent  the  ability  of  oil  to  destroy  hard 
insulation,  does  not  sufficiently  lower  the  tg$,  and  even  increases  the  corrosivity 
of  oil  with  respect  to  copper. 

The  factory  measures  undertaken  to  improve  oil  quality  by  increasing  phenol 
purification  (1958,  lot  II)  and  improving  production  technology  —  narrowing  the 
fractional  composition  (production  of  the  end  of  1959,  commercial  lot)  gave 
positive  results. 

I'M 


1958  oil  containing  0.4#  sulfur  with  0,J%  Ionol  according  to  bench  tests 
significantly  exceeded  the  quality  of  1957  oil  with  0.7#  Ionol.  During  the  test 
it  did  not  fora  a  deposit  and,  as  compared  to  the  latter,  to  a  lesser  degree 
destroyed  the  hard  insulation  and  increased  tgS.  As  a  result  of  these  improvements 
it  became  possible  to  introduce  this  oil  into  production. 

If  oil  from  eastern  sulfur-bearing  oils  of  1957  with  0.3^  Ionol  should  be 
considered  unsatisfactory,  and  1956  with  0,3%  Ionol  —  satisfactory,  then  oil  at 
the  end  of  1959  with  0.2%  Ionol,  supplied  under  the  brand  Topanol-0,  is  good, 
although  it  has  certain  deficiencies. 

These  data  show  that  laboratory  methods  give  insufficiently  cojective 
appraisal  of  quality  of  inhibited  oils  and  testify  to  decisive  value  of  quality  of 
the  base  product  in  production  of  inhibited  oils. 

It  is  necessary  to  indicate  that  determining  the  inclination  to  form  low- 
molecular  acids  at  the  start  of  aging  per  GOST  981-55  coincides,  as  a  rule,  with 
behavior  of  oils  on  stand.  The  advantages  of  the  stand  method  of  evaluating  oil 
are  based  mainly  on  the  conditions  of  aging  of  oil  in  stand  method  being  closer  to 
the  working  conditions  than  in  other  methods. 

More  convincing  proof  of  the  advantage  of  this  method  would  be  coincidence  of 
results  of  test  on  stand  and  in  use. 

However,  full  conformity  between  the  data  of  these  tests  should  not  be  expected 
at  least  becav.e  during  use  of  one  and  the  same  oil  in  several  transformers  diverse 
results  are  obtained  (Table  3)*.  This  is  explained  by  distinction  in  conditions  of 
use  of  transformers  and  their  state  (a  difference  of  contamination)  before  tests. 

Therefore,  the  results  of  field  tests  are  estimated  on  the  basis  of  average 
data  of  several  tests. 

•The  field  tests  of  oils  are  conducted  under  the  leadership  of  A.  A.  luzhetskiy. 


Since  the  offered  r.ethod  was  developed  relatively  recently  (1957),  and  period 
of  service  of  good  oil  is  rtore  than  10  years,  conformity  between  results  of  testing 
oils  by  new  r.ethod  and  their  behavior  in  use  is  confirmed  on  the  basis  of  the 
following. 

1.  More  than  15  years  ago  S.  9.  Kreyn  [3)  based  or.  field  tests  proved  that 
deeper  purification  of  oil  fron  Baku  oils  and  adding  to  it  0.01-0.015*  of  additive 
VTI-1  increases  the  period  of  service  of  oil  2-3  tir.es.  Many  years  of  experience 
of  industrial  use  has  confirmed  the  expediency  of  using  this  method. 

Results  of  bench  test  (see  Table  3)  also  confirmed  the  increase  of  period  of 
service  of  such  oil  (judging  by  lowering  the  content  of  water-soluble  acids  by 
1.4  tines,  total  acidity  by  2  tires  and  deposit  by  3  tires). 


Table  3»  Results  of  20-Vonth  Field  Tests  of  Transformer  Oil  of  Phenol 
Purification  fton  Tuymaiinsk  Oil  (Sulfur  S:  ]*)  V/ithout  Additive  and 

with  O.yt  Ionol 


Power  of 
transformer, 
kilovolt  arrere 

Acid  number, 

ogi ra/r 

Content  of  water- 
soluble  acids, 
cgKOK/g 

Presence  of  additive 

100 

0.017 

0.006 

Ho 

180 

0.025 

0.012 

Ho 

50 

0.059 

cs?- 

Ho 

50 

0.000 

0.034 

No 

Mean  value:  0.181:  4  «  0.43;  0.079:  4  =  0.C20 

Ho 

100 

0.049 

0.018 

Tes 

100 

0.023 

0.C11 

Tes 

320 

0.025 

0.016 

Yes 

100 

0.028 

0.012 

Tes 

50 

0.0c., 

0.026 

Yes 

50 

0.048 

0.C12 

Yes 

50 

0.037 

0.014 

Yes 

Kean  value 

0.272:  7  -  0.039 

0.109:  7  -  0.0155 

Yes 

Table  4.  Results  of  Tests 


Results  of  120-hour  bench  tests 

Results  of  20-month  field  tests 
(mean  value) 

Content  of  water- 
soluble  adds, 
•gKOH/g 

Total  acidity, 
mgKOH/g 

Content  of  water- 
soluble  acids, 
mgKOH/g 

Total  acidity, 
mgKOH/g 

Without 

additive 

With 

additive 

Without 

additive 

With 

additive 

Without 

additive 

With 

addiliv< 

Without 

additive 

With 

additive 

0.021 

0.015 

0.053 

0.042 

0.020 

0.015 

0.043 

0.039 

2.  In  1957  from  cocnercial  Tuynazinsk  oil  was  obtained  lot  I  of  experimental 
transformer  oil  of  phenol  purification,  containing  about  l£  sulfur,  and  tested 
in  pure  fora  and  with  additive  Ionol  (0.3^). 

Laboratory  tests  of  stability  of  this  oil  showed  that  without  the  additive 
it  barely  corresponds  to  requir*nents  of  specifications  of  COST  982-56,  and 
adding  the  additive  makes  it  completely  answer  the  requirements  of  this  standard. 

Adding  the  additive  lowered  the  formation  of  deposit  during  the  bench  test 
of  this  oil,  but  had  little  effect  on  lowering  the  yield  of  lov-nolecular  and 
hirh-oolecular  acids. 

Results  of  20-nonth  field  tests  confirmed  the  results  of  initial  stage  of 
aging  of  oils,  obtained  on  bench  tes.s  (see  Table  3)»  This  is  illustrated  by 
data  (Table  4). 

Consequently,  all  available  data  on  e.  ^loitation  of  oils  confirm  the  results 
of  bench  teats  by  the  offered  method. 

Results  of  bench  tests  of  transformer  oils  by  this  method  are  main  criteria 
used  U,  sol v-  practical  questions  of  introduction  of  new  sorts  of  transformer  oils, 
obtained  by  new  technology  from  new  raw  material  or  with  application  of  additives 
which  is  realized  in  practice. 
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Conclusions 


1.  A  new  bench  method  of  appraisal  of  working  properties  of  transformer  oils 
has  been  developed. 

2.  As  a  result  of  numerous  tests  of  large  number  of  developmental  types  of 
oils  by  this  method  the  following-  oils  were  introduced  or  were  recoranended  for 
introduction: 

a)  oil  of  phenol  purification  from  eastern  oils  (sulfur  £  0.6%)  with  0.2% 
additive  Topanol-0  (VTU  NT-30-59); 

b)  oil  hriropurified  from  eastern  oils  (sulfur  £0.2%)  without  additives; 

(VTU  MF-75-60); 

c)  oil  of  acid-alkaline  purification  from  Anastas'insk  oil  with  additives; 

d)  oil  from  Ebba  oils,  purified  by  gasiform  SO^  wiv.h  0.2%  additive  lonol. 
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CALCULATING  THE  N3CESSARY  CONCENTRATIONS  OF  NEUTRALIZING 
ADDITIVES  IN  MOTOR  OILS 

V.  D.  Reznikov,  N.  G.  Puchkov,  and  M.  S.  Borovaya 

mi  NP* 

The  increase  of  specific  indices  of  motors,  growth  of  requirements  for 
working  reliability  and  period  of  service,  and  also  wide  application  of  sulfur¬ 
bearing  diesel  fuels  recently  lead  to  using  oils  with  heightened  additive  content. 

The  tendency  to  increase  the  additive  concentration  is  observed  even  now.  However, 
high  concentration  of  ash  additives  in  oil  entails  a  row  of  undesirable  consequences 
(increase  of  abrasive  wear  of  details,  growth  of  scale  formation  in  combustion 
charv  and  decrease  of  effectiveness  of  oil  filters).  Application  of  oil  with 
unnecessarily  high  additive  concentration,  furthermore,  increases  its  cost. 

Therefore,  the  foundation  for  selecting  of  additive  concentrations  in  motor  oils 
is  an  argent  problem. 

This  article  expounds  a  method  of  calculating  the  necessary  concentrations  of 
.eutra'lsing  additives  in  oil  depending  upon  sulfur  content  in  fuel.  In  other  words, 
the  off- red  method  enables  us  to  determine  how  much  the  additive  concentration 
she  aid  be  increased  when  shifting  to  fuel  with  a  large  salfUr  content. 

•The  All-I'nion  Scientific  Research  Institute  on  Processing  Petroleun  and  Gas  and 
Production  of  Artificial  liquid  Fuel. 


In  first  stage  of  work  we  fixed  the  basic  possibility  of  full  neutralisation 
of  hamful  action  of  sulfur  contained  in  fuel  on  wear  and  scale  formation  in  high 
spued  four-cycle  diesel  engine  by  increasing  the  additive  concentration  in  the  oil. 
With  this  goal  we  conducted  series  of  motor  tests.  The  tests  were  conducted  by 
the  100-hour  method,  which  we  have  successfully  applied  for  the  last  U  years.  IJy 
successive  trials  on  one  motor  using  standard  tests  we  attained  fully  satisfactory 
accuracy  and  reproducibility  of  experiments  in  all  appraisal  indices.  Thus,  we 
managed  to  avoid  a  nianber  of  known  deficiencies  of  prolonged  tests  and  at  the  same 
time  ensure  experimental  conditions,  sufficiently  close  to  conditions  of  application 
of  oil  (full-scale  motor  of  real  construction,  normal  period  of  oil  replacement  and 
thermal  engine  operating  conditions,  etc.).  All  experiments  were  conducted  with 
diesel  oil  P3-11  from  eastern  sul fur-bearing  oils. 

We  investigated  the  effect  of  concentration  of  additives  tsiatic-339  and 
vnii  np-360  on  scale  formation  and  wear. 

Additive  tsiatim-339  was  tested  in  concentrations  free  zero  to  10!?  during 
work  of  P-35  motor  on  fuel  with  sulfur  content  of  V?.  Effectiveness  of  this 
additive  at  identical  concentration  in  oil  is  lower  than  that  of  additive 
vnii  nf*-3o0.  Apparently,  increasing  the  cone rr.t ration  of  additive  tsiatic-339 
within  practically  expedient  limits  canno*  replete./  neutralize  the  effect  of 
sulfur  on  wear  of  piston  rings  with  its  content  in  fuel  near  1*  anc  more.  In 
reference  to  two-cycle  diesel  engine  YaAd-2C4  this  was  convincingly  shown  in 
preceding  work  Cl}.  Therefore,  core  specifically  we  investigated  the  effect  of 
concentration  of  additive  vnii  np-3tO  on  motor  properties  of  oil.  the  P-38 
motor  we  obtained  a  dependence  of  scale  formation  and  wear  during  change  of  additive 
concentration  from  2  to  15*  when  »«rkL.g  on  fuels  with  sulfur  content  from  0.2  to 
1.5".  These  dependences  are  depicted  in  Fig.  1,  from  w'.ich  it  is  clear  that  a 
corresponding  increase  of  additiv*  vnii  np-3^  concentration  even  when  working  on 


;  fo  mat  ion  and  wea r  on  concentration 
\  of  additive  vnii  np-360  in  oil . 

a)  scale  formation  in  piston  gecoves; 

b)  wear  in  compression  rings. 

L.  -  Aiel  with  sul  fur  content  1.5*; 

C-  -  fuel  with  sulfur  content  l.C*; 

*  -  fuel  with  sulfur  content  0.6*; 

C-  fuel  with  sulfur  content  0.2*. 

^  CET:  (a)  Scale  formation  in  piston 
grooves,  *;  (b)  Wear  in  compression 

|  -Ings,  *;  (c)  Concentration  of 

■  additive  vnii  np-360,  *. 

? 


fUal  containing  1.5*  S,  the  level  of 
scale  format  ion  and  wear  obtained  In 
tests  of  low- sul  fur  fuel  nay  be  attained 
Consequently,  harmful  effect  of  sul  Air 
contained  in  fuel  on  wear  vid  scale 
forration  in  four-cycle  deael  engine 
without  pressure  feed  may  be  practically 
completely  neutralized  by  adding  a 
sufficient  quantity  of  effective  additiv 
to  the  oil.  When  using  oils  with  high 
additive  content  (when  working  on  fuels 
with  sulfur  content  more  than  1*)  we 
observed  a  somewhat  heightened  wear  of 
oil  rings,  nost  sensitive  to  abrasives 
in  oil  and  comparatively  little  subject 
to  corrosional  wear,  './e  observed  this 
phenomenon  during  tests  of  high-ash  oils 
for  heavy  conditions  of  work  [2]. 

Staring  experiments  on  the  0-38 
motor  we  observed  expenditure  of  the 
oil  in  motor  the  additive  is  continuously 


additive.  1.  is  known  that  during  work  of 
expended  in  the  neutralization  reaction  and  its  concentration  in  the  oil  is  lowered 


A>r  observation  of  movement  of  this  process  earlier  we  applied  a  method  in  which 


the  metal  revealed  in  filtrate  of  benzene  solution  of  th*-  oil  working  in  motor  of 
oil  vms  consigned  the  active  part  of  the  additive  [1].  However,  at  heightened 
additive  concentrations  this  method  turned  out  to  be  unsatisfactory,  since  the 
products  of  dditive  oper4tion  being  strongly  disp*rcd  by  the  active  addition 
remaining  in  oil  pass  through  the  filter.  This  can  be  seen  graphically  in  Fig.  2a 
and  b,  on  which  the  dotted  line  shows  curves  of  charge  of  active  baritac  content  in 
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oil  during  the  time  of  work  of  motor.  Decrease  of  barium  concentration  after 
100  hours  with  a  8£  additive  content  in  oil  was  the  same,  as  for  a  2#  additive 
content.  This  fact  shows  that  at  high  additive  concentrations  the  quantity  of 
active  barium  is  evidently  oversized.  At  large  additive  concentration  it  should 
abrade  in  large  quantity  (until  all  the  acids  formed  in  the  oil  will  be  neutralized). 
On  the  same  Fig.  2  there  are  solid  curves  of  change  of  active  barium  content  in  oil 
determined  by  method*,  based  on  determining  the  time  of  effective  neutralization 
by  investigated  oil  of  vapors  of  aggressive  acid  passed  to  friction  surfaces  of 
radioactive  details  of  laboratory  installation  RUM-1  [3).  The  time  of  effective 
neutralization  was  converted  into  the  active  barium  concentration  from  a  calibrated 
graph  drawn  from  the  results  of  testing  oils  with  known  additive  concentrations. 

By  this  method  the  active  part  of  additive  is  determined  directly  from  its  functional 
action  (neutralization). 

Comparing  the  data  obtained  by  both  methods  shows  that  at  low  additive 
concentration  the  results  of  determination  are  rather  close  and  at  great  coordination 
of  avlditive  (during  work  on  fue;  with  1.5“^  sulfur  content)  they  practically  coincide. 
If,  however,  the  concentration  of  additive  is  high,  then  the  difference  is  very 
great.  Our  available  data  show  that  error  •  '*  method  of  filtration  is  greater  the 
higher  the  concentration  of  additive  in  oil.  Th 1  >  explains  the  above-indicated 
possible  cause  of  increased  results  of  determining  the  active  additive  content  in 
oil  by  method  of  filtrat  ion. 

The  data  obtained  by  method  of  determining  the  time  of  effective  neutralization 
of  oils  about  coordination  of  additive  vnii  np-3t>0  during  work  of  motor  on  fuels 
with  different  sulfur  contents  show  that  sulfur  content  in  fuel  is  the  main  factor 
affecting  the  speed  of  additive  wearing  out.  At  insufficient  initial  concentration 
of  additive  in  oil  it  completely  abrades  after  a  certain  time  (Fig.  2a)  and  the 
motor  actually  works  in  oil  containing  no  additive.  When  the  active  additive 


•Develop* 1  Jointly  with  Yu.  S.  Zaslavskiy  and  G.  I.  Shor. 


concentration  was  lowered  to  zero,  already  in  first  half  of  oil  replacement  period 
we  observed  high  wear  of  piston  rings,  intense  scale  formation  and  coking  and 
significant  decrease  of  their  lability. 


Consequently,  the  initial  additive  concentration  should  be  such  that  to  the 


moment  of  oil  replacement  there  is  still  a  certain  reserve  of  active  additive  in  it. 


Fig.  2.  Change  of  content  of 
active  neutralizing  component 
of  additive  over  time  of  work 
of  oil  in  motor. 

—  -  method  of  filtration; 

— — —  method  of  determining 
neutralizing  ability,  a)  sulfur 
content  in  fuel  1.5$;  b)  sulfur 
content  in  fuel  0.2$. 

A-  fuel  with  sulfur  content  1.5$; 
C-  fuel  with  sulfur  content  1.0$; 
x -  fuel  with  sulfur  content  0.6$; 
r-  fuel  with  sulfdr  content  0.2$. 
KEY:  (a)  Active  Ba,  $;  (b)  Time, 
hours;  (c)  vnii  np-j^. 


Of  all  the  sulfur  burned  in  the 
motor  cylinder  with  ftel  only  an 
insignificant  part  of  it  reacts  with 
the  oil  and  corrodes  details  of  cylinder 
piston  group.  A  large  part  of  products 
of  sulfur  combustion  pass  from  cylinder 
with  exhaust  gases.  Only  that  part  of 
the  products  of  sulfur  combustion  which 
together  with  the  exhaust  gas  breaks 
through  the  piston  rings  or  touches  the 
oil  film  remaining  on  wall  of  cylinder 
above  piston  during  movement  downwards 
in  expansion  stroke  interacts  with  the 
oil.  This  film  will  be  formed  by  oil 
preliminarily  subjected  to  the  effect  of 
breaking  gases  in  zone  of  piston  rings. 
The  content  of  active  additive  in  this 
part  cf  oil  is  probably  small  in 
comparison  with  its  center,  t  in  the  oil 


in  the  crankcase.  Maximum  content  of  barium  in  scale  gathered  in  fourth  and  fifth 


grooves  of  piston  indicates  that  the  oil  proceeding  to  the  groove  of  first  ring  and 
in  upper  belt  of  cylinder  loses  part  of  additive  while  passing  through  the  zone  of 
the  rings  located  below. 


If  the  elementary  composition  of  fuel  and  coefficient  of  air  surplus, 
characteristic  for  working  conditions  of  this  m.o'or  are  known,  the  sulfur  content 
can  be  determined  in  the  combustion  products. 

At  a  coefficient  of  air  surplus  larger  than  one  the  number  of  moles  of 
combustion  products  is  determined  by  the  expression 

M  ii  {  *>  'r  £  1  <«- 0,2i)/.$.  (1) 

vh^re  g  ,  g„  and  p  are  weipht  shares  of  carbon,  hydropen  and  sulfur  in  the  fuel ; 

V  *  w 

«  is  the  coefficient  of  air  surplus;  1^  is  the  theoretically  necessary  quantity  of 
air  in  a  mole/kg  of  fuel. 

Knowing  the  sulfur  content  in  fuel  and  volume  of  a  mole  of  gas,  on?  can 

determine  the  sulfbr  content  ir  a  unit  volume  of  past 

c  S' 

25,4  U  ’ 

where  is  the  sulfur  content  in  1  nr  of  pas;  S*  is  the  quantity  of  sulflir  in 
1  kg  cf  fuel;  M  is  the  number  of  moles  cf  combustion  products;  24.4  is  the  volume 
of  a  mole  of  pas  at  normal  t‘-chn:eal  conditions. 

However,  the  crankcase  pases  vi!'  have  a  smaller  content  of  sulfur  than  products 
of  combustion,  since  pases  break-throuph  ir.*o  the  crankcase  during  the  compression 
stroke  when  air  is  in  the  cylinder  of  mctor.  share  of  gases,  breaking  through 

during  the  compression  and  expansion  stroke  can  be  determined  either  by  measuring 
the  break-through  of  gases  during  idling  and  under  load,  assuming  that  during 
idlinp  the  break-through  of  pases  in  both  strokes  is  equal,  or  by  analysis  of 
crankcase  gas°s  for  CC2. 

Having  measured  the  break -throumh  of  gases  in  a  unit  of  time  and  knowing  the 
specific  content  of  sulfur  in  them,  one  can  determine  weipht  quantity  of  sulfur 
passing  into  ♦h-*  crankcase  during  the  time  equal  to  the  oil  replacement  period: 

<:s  M.r.v,.  (2) 

where  Hg  is  the  quantity  of  sulfur  in  g;  £  is  the  coefficient,  calculating  the 
dilution  of  combustion  products  by  air  dun  to  its  break-through  during  the 
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compression  stroke;  feg  is  the  break-through  c f  gases  in  m^/hour;  T  is  the  period 
of  oil  replacement  in  hours;  is  the  specific  content  of  sulfur  in  combustion 
prodoc  ts  in  g/n?. 


If  the  magnitude  of  coefficient  of  air  surplus  is  unknown,  the  sulfur  content 
in  the  combustion  products  may  be  calculated  by  the  average  expenditure  of  fuel 
and  coefficient  of  filling. 

In  order  to  clarify  what  part  of  the  products  of  sulfur  combustion,  getting 
into  the  crankcase  emerge  from  it  in  the  atmosphere,  we  measured  its  content  in  the 
crankcase  gases.  For  that,  a  definite  volume  of  gas  was  passed  through  an  absorber 
filled  with  a  soda  solution  and  the  quantity  of  absorbed  sulfur  was  determined  by 
titrating  with  hydrochloric  acid.  It  was  established  that  in  the  presence  of 
neutralizing  additive  in  oil  the  gases  outgoing  from  crankcase  practically  do  not 
contain  sulfur  (Fig.  3)-  Consequently,  it  is  necessary  to  calculate  the  additive 
concentration  for  the  whole  quantity  of  sulfur,  determined  by  equation  (2). 
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Fig.  3.  Change  of  sulfur 
content  in  crankcase  gases 
over  time  of  work  of  oil  in 
motor. 

1)  1.14**  vnii  np-354  ;  2) 

2.86?  vnii  np-350  and  i.ll? 
vnii  nt-353»  3)  2.86?  vnii  np 
«j>-350. 

ICEYc  (a)  Content  of  sulfur, 
g/mm^  of  gas;  (b)  Tine,  hours. 


During  work  on  oil  without 
neutralizing  additive  the  sulfur  content 
in  crankcase  gases  in  the  first  several 
hours  of  work  attained  the  biggest  value 
and  remained  almost  constant.  Sulfur 
content  gradually  attained  the  same 
value  in  crankcase  gas^s  during  full 
wearing  out  of  addition.  However,  this 
maximum  content  was  5-6  times  lower  than 
that  determined  by  calculating  the 
sulfur  content  in  crankcase  gases. 

From  this  it  follows  that  in  the  absence 
of  neutralizing  additive  in  oil  80-85? 
of  the  products  of  sulfur  combustion 


passing  through  zone  of  piston  rings  into  the  crankcase  remain  in  this  zone, 
reacting  with  oil  and  corroding  the  metal  surfaces  of  details.  If  there  is  a 
sufficient  reserve  of  alkalinity  in  the  oil,  all  the  products  of  sulfur  combustion 
are  completely  neutralized  and  crankcase  ga3es  practically  do  not  contain  them. 

As  the  additive  concentration  decreases  the  sulfur  content  in  crankcase  gases 
constantly  increases.  This  index  is  so  sensitive  to  change  of  active  additive 
concentration  that  by  it  we  can  indirectly  estimate  this  concentration. 

Prom  source  material  [4-6]  the  reaction  of  neutralizing  the  acid  products  of 
combv.stion  by  the  additive  occurs  only  in  zone  of  piston  rlnrs,  where  at  high 
temperature  and  significant  pressure  in  the  presence  of  increasing  SO-j  dew  point 
vapors  are  condensed  and  acid  formed.  In  the  motor  crankcase  this  reaction  does 
not  occu’*. 

To  check  this  position  we  conducted  special  experiments,  in  which  through  a 
heated  retort  in  which  oil  was  supported  in  state  of  fog,  for  a  prolonged  time  the 
products  of  combustion  of  sulfur-hearing  fuels  suck**d  directly  from  burner  into 
the  retort  w->r*'  pas.  ^d.  The  gas -s  .ascui  through  the  retort  were  then  passed 
through  an  absorber  filled  with  a  soda  solution.  The  experiments  were  conducted 
with  significant  change  of  duration  of  experir'  and  quantity  of  burned  sulfur. 

All  the  sulfur  burned  with  fuel  was  revealed  in  ahscvber.  Wearing  out  of  additive, 
in  oil  did  rot  occur. 

These  exj.crir.enus  once  again  proved  that  under  conditions  observed  in  a  motor 
crankcase  a  reaction  between  neutralizing  additive  and  acid  products  of  combustion 
does  not  occur  or  occurs  at  a  very  low  speed. 

Having  established  the  quantity  of  sulfur  forming  due  to  neutralization  of 
acid  one  can  the  quantity  of  additive  sufficient  for  full  neutralization 

of  thes^  acids.  During  the  period  of  oil  replacement  into  the  motor  we  introduced 
the  q*iantity  of  metal  entering  in  composition  of  additive  determined  by  the 
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following  expression: 

CtC.IU  -frAT-  |)|.  (3) 

where  is  the  quantity  of  metal  in  g;  C,.  is  the  initial  content  in  oil  of  metal 
of  addition  in  g/g  oil;  7^  is  the  capacity  of  lubricant  system  of  motor  in  g; 
gtf  is  the  consumption  per  hour  of  oil  'added)  in  g/hour;  T  is  the  period  of  oil 
replacement  in  hours;  t  is  the  time  of  work  without  adding  fresh  oil  before  its 
replacement  in  hours. 

However,  all  the  metal  of  neutralizing  component  of  additive  introduced  with 
oil  into  motor  can  not  always  be  expended  on  the  neutralizing  reaction.  The 
presence  of  effect  of  suppressing  the  neutralizing  ability  of  barium  alkylfenolate 
during  its  sulfurization  or  mixing  with  zinc  dialkyldithiophosphate  fixed  by 
laboratory  methods  was  confirmed  in  our  experiments  on  motor  [7j.  At  an  equal 
content  of  barium  in  oil  pure  barium  alkylfenolate  (vnii  np-350)  ensures  more  than 
double  the  lowering  of  wear  of  piston  rings  in  comparison  with  additive  vnii  np-360; 
however,  the  letter  noticeably  yields  in  anti-scale  properties. 

The  effect  of  suppressing  the  neutralizing  action  is  considered  as  introducing 
a  special  coefficient,  whose  magnitude  nay  be  determined  by  testing  the  oil  with 
ir. /estimated  additive  on  installation  RUM-1 .  A  coefficient  equal  to  one  means  that 
all  the  metal  contained  in  the  oil  can  be  expended  on  reaction  of  neutralization, 
i.e.,  the  effect  of  suppressing  the  neutralizing  ability  is  lacking.  In  the 
presence  of  effect  of  suppression  this  coefficient  will  be  less  ..an  one,  and  its 
ag'ltude  is  determined  by  ratio  of  time  of  effective  neutralization  of  corrosional 
wear  of  the  investigated  additive  to  the  time  of  effective  neutralization  of  a 
coopovjid  having  a  coefficient  equal  to  one  (e.g.,  barium  alkylfenolate).  The 
magnitude  of  coefficient  of  suppression  of  neutralizing  action  is  determined  during 
equal  content  of  metal  of  neutralizing  component  in  oil  (counted  in  moles  per  unit 
of  weight  of  cil). 
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Iroceeding  fron  stoichior.etrical  relationship  of  reactants  and  introducing 
t  v?  coefficient  of  suppression  of  neutralizing  action,  it  is  possible  on  the  basis 
of  equations  (2)  and  (3)  to  write  the  following  equality: 

C%  CmK* 

~32  "  m  "  • 

when?  32  is  the  aton5c  weight  of  sulfur; 
n  is  the  atonic  weight  of  metal; 

Kn  is  the  coefficient  of  suppression  of  neutralizing  action. 

This  equality  holds  true  for  bivalent  metals.  If  in  composition  of  additive 
enters  a  r>*tal  with  a  different  valence,  it  is  necessary  to  introduce  into  the 
equa  ‘ty  the  corresponding  coefficient  K^.  Then  in  final  form  the  calculating 
fon  ..a  for  determining  initial  content  of  metal  of  additive  in  oil  after  re¬ 
placement  take  G<.  and  from  equations  (2)  and  (3)  in  the  following  form: 

mpKTS. 

•  r.(r-d|  ' 

The  determined  by  thi3  formula  initial  content  of  metal  of  additive  in  oil  is 
theoretically  necessary  for  ft"  neutralization  of  all  products  of  combustion  of 
sulfur  which  r^sses  the  zone  of  piston  rings.  The  real  content  of  metal  of  additive 
in  ray  be  more  or  less  than  theoretically  necessary.  In  our  experiments,  as 
calcf  ttin r  by  this  formula  shows,  due  to  va.  1  ;  ion  of  sulfur  content  in  fuel  in 
wid''  limits  and  concentration  °f  additite  in  oil,  we  could  observe  wear  and  scale 
forra*  ion  at  insufficient  and  excess  content  of  additive  in  oil.  The  calculation 
is  pe  ♦forr-“i  according  to  the  following  initial  data: 

Lq  *  <\/»95  molesAf  of  fuel; 

bQ  ~  O.U  —  0.>5  rvtyhour  (limits  of  chang**  during  the  tests  ar*  shown); 
fi  0.**  (measured); 

Kn  '.5  (do fir.-i  by  tir/*  ci  neutralization); 

T  *  ICO  hours; 

t  1C  hours  (duration  of  stage  of  test); 

Vj(  *-  11500  g:  rv  -^150  g/hour. 
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Figure  4  gives  the  dependence  of  wear  of  first  compression  piston  rings  of 
b-38  motor  as  a  function  of  the  ratio  of  real  content  of  metal  of  additive  in  oil 
Cg  to  the  theoretically  necessary  c<j.  Up  to  a  ratio  equal  to  one  (stoichiometrical), 
we  observed  a  sharp  lowering  of  wear.  Further  increase  of  additive  concentration 
over  that  theoretically  necessary  leads  only  to  a  very  small  lowering  of  wear. 

Ibis  is  explained  by  a  certain  incompleteness  of  reaction  (part  of  additive  is  lost 
in  active  state  due  to  waste  of  oil)  and  expenditure  of  additive  for  neutralizing 
other  acids  (besides  sulfuric  and  sulfurous)  forcing  during  fuel  combustion  and 
oil  oxidation.  Since  before  replacement  cf  oil  there  should  remain  a  certain 
reserve  of  active  additive  in  it  and  neutralization  of  oil  acids  forming  in  oil 
and  getting  into  it  is  desirable,  the  additive  concentration  in  oil  should  be 
somewhat  higher  than  that  theoretically  necessary.  However,  in  every  case  the 
additive  concentration  should  be  set  taking  into  account  economic  considerations 
and  requirements  for  exploitational  reliability  of  motors. 

In  the  tentative  calculation,  when 
certain  necessary  magnitudes  cannot  be 
exactly  determined  experimentally,  it 
is  possible  to  use  following  average 
magnitudes  typical  for  high  speed 
transport  diesel  engines. 

1.  Magnitude  of  break-through  of 
gases  during  good  technical  state  of 
motor  depending  upon  number  of  compression 

first  compression  rings  on  ratio 

of  real  content  of  r.etal  of  rings,  operating  conditions,  geometry  of 

aiditive  in  oil  to  that  theoret¬ 
ically  necessary.  cylinders  etc.  is  from  0.2  to  1.0%  of 

DS-11  oil  with  addition  vnii  np-360. 

Figures  for  points  indicate  additive  the  motor's  expenditure  of  air. 
content  in  oil  in  percents. 

41  •  ft  el  with  sulfur  content  1.5*; 

O-  fUel  with  sulfur  content  l.C*; 

*  -  fuel  with  sulfur  content  O.C'*; 

C-  fuel  with  sulfur  content  0.2^. 
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2.  The  value  of  the  coefficient  0  depends  on  operating  conditions  of  motor 
and  a  number  of  constructive  factors.  It  oscillates  from  0.5  to  0.6. 

3.  The  expenditure  of  oil  during  normal  technical  state  of  motor  is  from 
1.5  to  5  g/liter,  s.-ch.  The  remaining  magnitudes,  necessary  during  calculation, 
except  for  the  coefficient  of  suppression  of  neutralizing  action  are  always  known. 
This  coefficient  is  needed  only  for  calculating  the  concentrations  of  new  additives. 
For  calculating  the  necessary  concentration  of  an  earlier  applied  additive  durinr 
change  of  suitor  content  in  utilized  fuel  the  coefficient,  calculating  suppression, 
cannot  be  introduced,  since  magnitude  of  coefficient  does  not  depend  on  additive 
concentration. 

As  a  suit  of  this  work  we  revealed  the  character  of  the  dependence  of  wear 
and  scale  formation  in  four-cycle  diesel  engine  on  concentration  of  additive 
vnii  np^-360  in  oil.  We  have  shown  the  exceptionally  large  exploitational  value 
of  correct  selection  of  additive  concentration  when  using  high-sulfur  fuels. 

We  developed  a  method  of  preliminary  calculation  of  necessary  concentrations 
of  neutralizing  additives  by  content  of  sulfur  in  applied  fuel  and  a  number  of 
constructive  and  exploitational  parameters  of  motor.  The  necessary  concentrations 
of  additive  vnii  np-3^0  during  work  of  P-3S  r  or  on  fuels  with  different  sulfur 
contents  obtained  by  calcslation  closely  coincide  with  results  of  experiments. 
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METHOD  OF  DSTERKIKING  REQUIREMENTS  FOR  vUALITY 
OP  LUBRICATING  OILS  FOR  TRACTOR  MOTORS 

S.  C.  Arab'yan 
NATI* 

The  improvement  of  tractor  rotors  towards  increasing  the  liter  capacity 
increases  the  themal  and  mechanical  stress  on  details.  Because  of  this  the 
requirement  for  quality  of  lubricating  oils  is  substantially  increased. 

As  numerous  invest if at iorr  h  shown,  the  type  of  oil  cannot  be  selected 
* 

only  by  th<-  physico-chenical  indices,  Tecently  motor  methods  of  evaluating  the 
quail  y  of  oils  on  special,  chiefly  one-cylir.>.  •-  rotors  have  gained  wide  acceptance. 

Hrwevcr,  up  to  now  in  the  Soviet  Union  we  r.c.  .  -?t  standardized  the  rotor 
method  of  testing  lubricating  oils.  Therefore,  Soviet  no*or  oils  are  classified 
not  by  results  of  their  tests  on  motors,  but  depending  upon  the  method  of  puri¬ 
fication,  additive,  etc.  This  excessively  increases  and  complicates  oil  nomenclature 
and  hinders  the  consumers  being  correctly  oriented  in  selecting  the  necessary  sort 
of  oil  for  motors  of  different  types  <tnd  working  conditions. 

One  should  classify  crar.Vco.se  oils  mainly  depending  upon  results  of  motor 
tests  on  special  one-cylinier  installations;  in  this  the  indices  quality  of  oils 
are  expediently  estimated  in  total,  in  numerical  valu-s  —  points. 


•The  State  United  Scientific  Research  Tractor  Institute. 


To  evaluate  the  quality  of  diesel  oils  NATI  has  created  a  one-cylinder 

*  universal  installation  UI?'-3-?‘ATI  based  on  tractor  diesel  engine  D-54  and  develop  i 

I 

a  Bethel  of  accelerated  tests  of  these  oils  [1]. 

i 

.* 

}  Test  results  of  a  number  of  sanples  of  Soviet  and  foreign  oils  (and  additive  } 

i  showed  the  high  sensitivity  of  the  installation  UIM-3-f.’ATI  in  determining  their 
inclination  to  evoke  sedimentation  and  coking  of  piston  rings.  The  best  sanples 
of  oils  obtained  an  appraisal  of  5-8  points,  the  worst,  3 8-39  points. 

f 

1  These  tests  enabled  us  to  group  oil  in  four  groups  by  the  degree  of  their 

? 

t  fitness,  estimated  in  a  point  system,  for  their  use  in  variously  rigorous  work  in* 

I 

I  conditions  of  tractor  rotors. 

?  Croup  Oil 

1- st  with  appraisal  up  to  10  points 

2- nd  with  appraisal  from  10  to  20  points 

3- rd  with  appraisal  from  20  to  30  points 

A-th  with  appraisal  fior.  30  to  40  points 

Depending  upon  the  regime  indices  of  specific  tyj^c  of  motors  that  group  of 

oils  should  be  selected  which  can  ensure  prolonged  and  reliable  exploitation  of 
the  notor.  However,  selection  of  oils  is  complicated  by  absence  of  theoretically 
founded  criteria  for  determining  the  requirements  for  quality  of  lubricating  oils 
f~r  motors  of  different  construction. 


..ccording  to  the  proposal  of  the  American  Petroleum  Institute  (API)  the 
conditions  of  application  of  motor  oils  in  motors  of  different  types  were  divided 
into  five  grtr 's:  KL,  YH,  KC,  PC  and  DS  [2].  Thus,  e.g.,  condition  ML  is  con- 
si.  i  typical  for  carburetor  gasoline  motors  working  in  easy  conditions,  when 

the  oil  does  not  have  to  answer  heightened  requirements;  condition  DC  is  for  diese 


engines  working  in  moderate  conditions,  etc. 

*t  ?  •>  necessary  to  note  that  although  this  system  originates  from  correct 
prerequisites,  it  cannot  exactly  orient  machine  builders  and  users  in  selecting 
and  applying  oils  for  different  constructions  and  working  cunditions  of  rctors  due 
to  the  absence,  as  was  already  notes  above,  of  basic  criteria  character! .'in,  he 


:>  i ;) 


rk  regime  of  motors. 


Tc  classify  motors  by  their  design  features  and  working  conditions  it  is 
necessary  to  develop  a  system  which  would  enable  us  with  the  help  of  simple  indices 
and  quantitative  measurements  to  establish  rigidity  of  working  conditions  of  oil 
in  a  rotor. 

Anong  the  indices  of  the  working  properties  of  motor  oils  of  important  value 
are  indices,  characterizing  the  reliability  of  work  of  motors,  which  is  determined 
by  duration  of  their  exploitation  before  mandatory  repair  (with  disassembling  of 
motor)  caused  by  abundant  formation  of  deposits  on  details  of  the  cylinder-piston 
group  and  coking  of  piston  rings. 

let  us  consider  the  basic  factors  causing  contamination  cf  motor  by  deposits 
and  try  to  express  the  obtained  dependences  with  the  help  of  simple  numerical 
coefficients. 

“umerou.i  investigations  have  shown  that  the  rate  of  carbon  deposition  in 
di“sel  engines  decisively  depends  on  ter.rerature  of  details  of  cylinder-piston 
group  of  motor,  quality  cf  fuel,  composition  and  fullness  of  combustion  of  working 
mixture,  servicing  capacity  of  lubrication  system,  periodicity  of  oil  replacement 
and  technical  state  of  the  motor. 

let  us  consider  the  effect  of  each  fac .  separately. 

The  temperature  rate  of  the  cylinder  is  mainly  a  function  of  the  basic 
parameters  of  the  rotor  —  cylinder  diameter  and  stroke  and  quantity  of  heat 
brought  in  per  unit  of  tine. 

In  th“  theory  of  internal-combustion  engines  we  use  the  term,  ’’thermal  stress 

of  cylinder,"  q,  estimated  by  the  quantity  of  heat  Q  in  kilocalories  passing  through 
o 

1  ^  cf  cylinder  walls  surface  F  into  the  liquid  coolant  during  1  hour,  i.e. 

q  keal/m2  hr. 

To  calculate  the  magnitude  q  professor  T.  A.  Ponomarev  (3)  and  professor  V.  A. 
Var.sheyUt  (4]  offer  different,  but  complicated  mathematical  relationships, 


c- 

%» 


difficulty  yielding  exact  calcination  without  special,  very  bulky  experiir.ental 
research.  Furthermore,  the  fomulas  of  these  authors  anticipate  determining  the 
thermal  stress  of  cylinder  during  nominal  operating  conditions  of  motor.,  whereas 
the  majority  of  motors  depending  upon  executed  work  are  exploited  at  partial  loads. 

The  temperature  regime  of  work  of  cylinder-piston  group  details  can  be 
determined  by  the  quantity  of  combustible  fuel  per  unit  of  working  surface  of 
cylinder,  i.e.. 


Gt 

where  Gj.  is  the  average  exploitational  consumption  per  hour  of  fuel  in  kg/hr; 

F  =  +  F2  +  (l/2  +  S/D)  is  the  total  working  surface  of  bottom  of  piston, 

2 

head  of  cylinder  and  mirror  of  cylinder  in  m  ;  i  is  the  number  of  cylinders. 
Consequently, 


r: 


2 

-  v  -  kg/hr  n  . 

i-l4 

* 


!  This  formula  is  simple,  since  it  does  not  include  complicated  coefficients; 

j  it  is  sufficiently  accurate  for  determining  the  temperature  of  regime  of  work  of 

\  “ 

;  oil  in  rotor  cylinder  and  in  the  first  approximation  it  enables  us  to  determine 


■  the  thermal  stress  of  motors  at  any  load. 


Among  the  most  important  factors 
affecting  the  rate  of  oil  aging  depending 
or  design  features  of  diesel  engines, 
are  the  magnitude  of  the  coefficient  of 
air  surplus  and  the  specific  volume  of 
oil  in  the  motor  crankcase. 

Numerous  observations  have  shown 


Fig.  1.  Value  of  coefficient  that  as  the  coefficient  of  air  surplus 
K®  depending  upon  coefficient 

of  air  surplus.  decreases,  and,  consequently,  as 

KKY:  (a)  Time  before  coking, 

hour;  (b)  Coefficient  of  air  combustion  of  diesel  fuel  is  imp-aired, 
surplus,*. 


the  quantity  of  products  of  incomplete  combustion  increases  and  motor  detail  and 
nodes  are  none  intense  soiled  by  carbon  deposits. 

Figure  1  shows  the  dependence  of  duration  of  work  of  diesel  engines  before 
coking  of  piston  rings  on  the  coefficient  of  air  surplus  [5].  On  the  basis  of 
this  dependence  the  corresponding  coefficients  K*,  whose  value  of  which  can  be 
used  in  determining  the  requirements  for  quality  of  oil  for  motors,  are  fixed. 

The  rate  of  oil  oxidation  depends  also  on  the  specific  servicing  volume  of 
oil  Ks/Oy,  hp/kg*  i.e.,  the  magnitude  of  motor  power  per  kg  of  oil  in  the  crankcase, 
naturally,  the  less  the  quantity  of  circulated  oil  in  system  at  the  same  motor 
power,  the  more  frequently  the  same  portion  of  oil  will  enter  the  zone  of  high 
temperatures  and  the  more  intensely  it  will  be  oxidized. 

The  amount  of  fuel,  in  particular  its  sulfur  content,  is  one  of  the  most 
important  exploitational  factors  determining  scale  and  lacquer  deposition  in  a 
motor.  The  effect  of  sulfur  contained  in  diesel  fuel  on  deposits  in  motor  and  on 
wear  of  its  details  i3  sufficiently  clearly  revealed  in  works,  conducted  at  NATI, 
NAKI,  VIJIT  ?IP ,  VI? I  [NAKI:  Scientific  Research  Automotive  and  Automobile  Institute; 
VNIT  ?JP:  The  All-Union  Scientific  Research  Institute  on  Processing  Petroleum  and 
Production  of  Artificial  Liquid  Fuel;  VI?!:  7h--  All-Union  Scientific  Research 

Institute  on  Mechanizing  Agriculture.] 

Experiments  carried  out  on  installation  UIK-3-KATI  and  agreeing  with  the  data 
of  field  tests  revealed  degree  of  contamination  of  details  of  cylinder-piston 
group  when  using  diesel  fuel  with  different  sulfur  contents  (Fig.  2). 

On  the  basis  of  the  obtained  data  we  determined  the  corresponding  index  S^, 
whose  value  is  selected  depending  upon  quality  of  fuel. 

Up  to  hdw  the  basic  data  on  selecting  optimum  periodicity  of  oil  replacement 
for  notors  of  different  constructions  are  not  yet  sufficient. 


Pig.  2.  Value  of 
coefficient  S^.  depending 
upon  sulfur  content  in 
fuel. 

KKT:  (a)  Points  UD!; 

(b)  Sulfur  content  in 
fiiel. 
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Fig.  3»  Diagram  of  a  complex  of 
I  measuring  instruments. 

;  l)  input  blocks  T4;  2)  computing- 
|  indierting  instruments  T3;  3)  electron 
!  potentiometer  EPP-C9;  4)  geiger  counters 
!  (A  and  B);  5)  cylinder  of  motor  UIK-.,- 
1  -NATIj  6)  radioactive  ring. 


Wide  field  tests  on  DT-54  tractors 
conducted  by  VIM  during  1956-1957  with 
different  periodicity  of  oil  replacement 
showed  that  as  the  working  time  of 
motors  before  oil  replacement  is  in¬ 
creased  the  rate  of  deposit  formation 
.,v 

regularly  increases. 

To  check  the  obtained  VIM  data, 
and  also  to  exclude  accidental  factors 
frequently  encountered  in  conditions  of 
exploitation,  on  installation  UIM-3-NATI 
we  conducted  experiments  to  elicit  the 
inclination  of  oils  to  coke  piston  rings 
at  different  periods  of  oil  replacement. 

The  start  of  ring  coking  was 
determined  with  the  help  of  radioactive 
tracer  fixed  in  the  zone  of  the  lock  in 
the  form  of  hidden  "witness'*  from 
radioactive  cobalt-60  [6],  Two  geiger 
counters  (Fig.  3)#  fixed  on  generators 


of  motor  cylinder,  and  connected 


separately  to  two  radiometric  instruments  of  type  Tiss  recorded  the  position  of 
the  ring  lock  during  work  of  motor.  For  automatic  recording  the  indicating 

j  instrument  of  each  radiometer  was  connected  in  parallel  to  a  self-recording  electron 

j  potentiometer  JPP-09.  The  start  of  ring  coking  is  automatically  recorded  on  tape 

j 

j  by  parallel  vertical  lines. 

We  teste  fresh  oil  per  V7U  363-51  with  additive  aznii-4  and  the  same  oil, 
wrking  in  D-54  motors  in  exploitational  conditions  without  replacement  for  differ¬ 
ent  periods —  from  120  to  1200  hours. 

I  517 


Results  of  tests  (Fig.  4)  showed  that  as  the  service  period  of  oil  increased 
the  time  the  motor  worked  before  piston  ring  coking  was  regularly  reduced. 

Consequently,  the  test  results  give  a  basis  for  establishing  the  corresponding 
coefficients  Jl,  which  can  be  used  in  determining  rigidity  of  working  conditions  of 
a  motor  depending  upon  periods  of  oil  replacement. 

The  effect  of  the  motor’s  technical  state  on  the  rate  of  oil  aging  can  be 
examined  with  respect  to  wear  of  details  of  the  cylinder-piston  group.  As  wear  of 
the  friction  pair  increases  the  amount  of  gases  entering  the  crankcase  proportionally 
increases,  in  consequence  of  which  the  temperature  of  piston  is  increased  and  the 
process  of  thermal  transformation  of  oil  is  accelerated.  Furthermore,  the  products 
of  incomplete  combustion  and  sulfur  oxides  breaking  through  into  the  crankcase 
contaminate  the  piston,  ring  and  motor  in  general  on  the  way. 


n 


Fig.  4.  Value  of  coefficient 
II  depending  upon  period  of  oil 
replacement. 

KEY:  (a)  Time  before  coking 
of  the  I  ring  on  UIK,  hours; 
(b)  Period  of  oil  replacement, 
hours. 


Fig.  5.  The  effect 
of  the  amount  of  gases 
entering  the  crankcase 
on  degree  of  contam¬ 
ination  of  motor. 

KEY:  (a)  Break-through 
of  gases,  liter/nin;  (b) 
Degree  of  contamination, 
g. 


Investigations  (7,  8]  have  shown  that  as  the  amount  of  gases  breaking 
through  into  the  crankcase  increases,  the  contamination  of  motor  by  deposits 
proportionally  increases  (Fig.  5).  Consequently,  the  index  of  technical  state  of 
motor  T  can  serve  as  a  ratio  of  the  amount  of  gases  breaking  through  into  the 
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crankcase  in  a  worn  out  motor  iy  to  initial  magnitude  for  a  new  motor 

i\<r  r/  rr). 

Hawing  thus  determined  the  degree  of  the  effect  of  basic  constructive  and 
exploltational  factors  on  the  rate  of  oil  aging ,  we  can  write  the  dependence  with 
whose  help  we  can  in  the  first  approximation  establish  the  requirement  for  quality 
of  lubricating  oils  for  motor  and  tractor  diesel  engines  of  different  types  in 
specific  conditions  of  their  exploitation. 

This  dependence  may  be  represented  in  the  following  form: 

where  A  is  the  index  of  rigidity  of  working  conditions  of  siotor; 

Gy  is  the  average  exploitational  expenditure  of  fuel  in  kg/hour; 

F  is  the  total  vrorking  surface  of  the  piston  bottom,  cylinder  and  head  and 
2 

walls  in  n  ; 

I  is  the  number  of  cylinders; 

Sy  is  the  coefficient  calculating  the  sul  content  in  ftoel; 

II  is  the  coefficient  calculating  the  periodicity  of  oil  replacement; 

K«  is  the  coefficient  calculating  the  composition  of  the  working  mixture; 

T  is  the  coefficient  calculating  the  degree  of  worn  out  nature  of  motor; 

Nfj  is  the  effective  capacity  of  rotor  in  hp; 

°M  U  the  servicing  capacity  of  oil  in  crankcase  in  kilograms. 

As  an  «r  r.ple  we  will  give  the  specific  working  conditions  of  the  most  wide¬ 
spread  tractor  motors:  KD!W*6,  D-54  and  D-38,  for  a  2000-hour  tests  on  Dp-11  oil. 

By  calculating  we  established  (see  table)  that  KCK-46  motors  worked  in  heavier 
conditions  when  their  A  index  was  equal  to  100;  the  A  indices  fbr  D-54  and  D-38 
motors  corr  c ponding  to  40  and  70  units  were  less. 


D-54 


0.125  K).l 
0.125  k>.l 


Sul  fur 

Feriod  of 

Content 

oil 

re- 

a 

JZ 

in  fuel 

placement 

m 

m 

Z 

% 

s? 

D 

n 

68 

1.0 

2.3 

120 

1.1 

46 

1.0 

2.3 

120 

i.i 

29 

1.0 

2.3 

100 

1.0 

23 
23  I 


surrlus 


>1.6 


3-HCt.O  O 
J  t~  O 


180  5.5 
140  1 .0 
110  0.25 


54  l.C  2.3  240  1.37  >1.6  1  240  — 

40  0.2  1.0  120  1.1  >1.6  1  45  — 


The  test,  results  confirmed  the  justice  of  the  offered  formula;  on  the  average 
from  four  tractors  of  every  brand  the  biggest  number  coked  piston  rings  turned  out 
to  be  in  KPM-46  motors ,  then  in  0-54  and  only  one  ring  in  one  of  four  D-38  motors. 

Consequently,  there  is  a  direct  dependence  between  index  A  and  results  of 
prolonged  field  tests  of  oil  on  tractor  diesel  engines  of  different  types. 

While  n-38  motors  require  P-ll  oil  with  additive  tsiatim-339,  ICDM-46  rotors 
require  oil  of  higher  quality  *r "p-ll. 

We  must  also  consider  that  for  motors  of  one  and  the  same  type  depending  upon 
conditions  of  exploitation  (its  load,  quality  fuel,  periodicity  of  oil  replace¬ 
ment)  will  be  required  different  in  quality  oil;  thus,  e.g.,  ir.d-x  A  for  a  D-54 
motor  working  in  light  conditions  is  equal  to  45  (see  table),  when  in  heavy  con¬ 
ditions  this  index  Increases  5  times. 

Therefore  the  required  sort  of  oil  is  expedi*nt  to  select  not  only  depending 
upon  design  features  of  motor,  but  also  -a inly  on  the  r*al  conditions  of  exploita¬ 
tion. 

Considering  that  index  A  for  tractor  motors  varies  from  50  to  400  units,  the 
authors  suggest  that  the  rigidity  of  working  conditions.  Just  as  types  of  oils,  be 
divided  into  the  following  four  groups. 


I  Croup  A 

I 

|  lot . 300-400 

]  2nd . 200-300 

I  3rd . 100-200 

1  4th . 100 


f  Fbr  the  first  group  of  motors  oil  of  the  1st  type  may  be  used,  fcr  the  second 

1  . 

|  group,  the  2nd  type,  etc. 

I 

I 

|  Conclusions 

>  "s 

i 

l 

l  1.  Reliable  and  prolonged  uork  of  tractor  motors  is  ensured  bgr  rational 

|  selection  of  lubricating  oils  in  reference  to  design  features  and  conditions  of 

i 

*  exploitation  of  rotors. 

i 

2.  Crankcase  oils  are  expediently  classified  mainly  by  the  results  of  their 
tests  on  special  motor  installations;  in  this  the  basic  ex  loitational  properties 

j  of  oils  are  desirably  estirated  in  total  —  in  points. 

3.  The  conducted  research  fixed  the  dependence  for  approximate  determination 
!  of  requirements  for  quality  of  lubricating  oils  for  motors  of  different  types  in 

different  conditions  of  their  exploitation. 
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CHAPTER  H 


TEST  OP  OILS  WITH  ADDITIVES  ON  KOTCRS  AKD 
MECHANISMS  AfID  EXPERIMENT  IN  THEIR  USE 


TESTS  OF  OILS  FROX  SUI.FUROUS  CRUDES  WITH  DIFFERENT  ADDITIVES 


N.  C.  Puchkov,  K.  S.  Borovaya,  A.  A.  Deryabin, 
and  C.  P.  Belyanchikov 
WII  flP* 

At  present  introduction  has  started  of  a  new  assortment  of  motor  oils  [1]. 

This  assortment  is  based  on  classification  of  oils,  milcipating  division  of  them 
into  groups  not  by  type  of  carbuetion  (for  carburetor  motors  and  diesel  engines), 
but  by  strength  of  motor  and  ririiity  of  operating  conditions. 

Oils  of  various  groups  (series)  for  normal,  heavy  and  specially  heavy  conditions 
of  vorr  of  series  T,  II,  III,  etc.,  are  prepare-*  by  means  of  the  use  of  mainly 
dist’  .late  and  residual  oils  of  selective  purifica  .iv,r  from  eastern  sulfur-bearing 
crudes  and  additives  added  to  the  oils  lit  various  corbinations  and  concentrations. 

Research  of  physical  chemistry  and  performance  propertl»i  of  oils  from,  eastern 
•ul fUr-bearing  crudes  [2-4]  and,  more  than  that,  the  five-year  experiment  of  their 
use  in  intemal-corbustion  engines  and  other  mechanisms  have  revealed  a  number  of 
positive  properties  of  these  oils,  especially  during  use  of  them  as  a  base.  Correctly 
selected  depth  of  purification  and  group  chemical  composition  of  oils  in  combination 
with  new  highly  effective  additives  (5,  6,  7)  can  ensure  production  of  rotor  oils  of 
any  c’ass,  including  series  II  and  ill,  i.e.,  for  specially  heavy  conditions  of 
motor  operation. 

*A11  Union  Scientific  research  Institute  for  Oil  and  Has  Refining  and  the 
Production  of  Synthetic  Liquid  Fuels. 


Practical  resolution  of  this  problem  lagged  behind  mainly  front  an  absence  of 


,\  production  of  effective  additives. 

Tm  this  work  the  authors  have  tried  to  generalize  results  of  tests  of  a  nurbe 
of  native  additives,  to  compare  them  with  certain  foreign  additive*,  and  to  reveal 
the  possibility  of  obtaining  oils  of  series  I,  II  and  III  with  the  help  of  these 
additives. 

fbr  this,  we  investigated  certain  foreign  additives  of  the  firms  "Anglomol" 
and  Hamste*  and  also  certain  samples  of  foreign  oils  of  premium  type  and  series 
I,  II  and  TIT. 

1.  laboratory  Characteristic  of  Imported 
and  Native  Oils  with  Additives 


In  Table  1  are  given  results  of  laboratory  appraisal  of  imported  and  native 
oils  with  additives. 

Imported  low  ash  content  oil  KSSO-20W/30  "Premium"  type  is  characterized  by 
insufficiently  good  washing  properties,  low  thermal  stability,  high  sedimentation, 
and  significant  increase  of  viscosity  during  oxidation  in  TK-2  instnr-enl. 

Native  oils  of  approximately  this  class  with  the  same  or  larger  ash  content 


possess  somewhat  better  washing  properties,  larger  thermal  stability,  deposit 
formation  and  smaller  increase  of  viscosity  after  oxidation. 

Imported  oils  of  series  I  with  phosph3rus~containing  additives,  Shell-X-100 
and  Castrol-30,  possess  best  washing  'roperties  and  thermal  stability  (especially 
Castrol),  however,  during  oxidation  in  CK-2  inilnsrent  they  turn  out  to  be  insuf¬ 
ficiently  stat'c.  Characteristic  peculiarity  of  Chell-X-100  is  high  initial  aeia. 
(1.6  milligram  KGH),  when  all  other  oils  have  alkali  reaction. 

Xatlve  oils  of  this  group  with  phosphorus-containing  additive  (vnii  np-360, 
iP-22)  possess  approximately  the  same  properties  as  imported  oils. 

i 

High-ash  imported  oils  of  series  II  and  III  are  characterized  by  a  large 

y 

! 

j  reserve  of  alkalinity,  good  washing  properties,  and  high  thermal  stability.  Thes< 

■i 

|  oils  during  oxidation  in  TIC-2  instnrrent  give  small  increase  of  viscosity  in  the 
absence  of  deposit. 


%  I 


Table  1.  Laboratory  Appraisal  of  Imported  and  Native  Oils  with 

Additives 


Oil 

* 

*» 

G 

9 

*> 

G 

0 

o 

£ 

Oxidation  in  DK-2 

Thermal  stabil¬ 
ity,  minutes 

» 

*» 

a 

m 

> 

N 

De¬ 

posit, 

% 

Av100*  cs 

Premium  (series  0) 

1"  ' 

i 

ESSO-2OW/30 . 

0.27 

2.0 

9 

Thickens 

32 

AS-9.5  +  tsiatim-339 . 

0.27 

1.5 

8 

22 

45 

AS-9.5  4  tsiatim-339  4  AFB . 

0.52 

1.0 

8 

22 

45 

AS-9-5  +  Vnii  np-370... . . 

0.48 

2.0 

8 

23 

29 

AS-9.5  4  Vnii  nj>-371...-. . . . 

O.bu 

1.5 

8 

23 

31 

Series  I 

Castrol-30. . . . . . . . 

1.0 

1.0 

10 

Thickens 

36 

Shell-X-100. . . . . 

0.6 

1.0 

10 

Thickens 

57 

DC-11  +  Vnii  n^360. . 

0.86 

0.5 

6 

15 

53 

DC-11  +  IP-22 . . . 

0.46 

0.5 

6 

— 

60 

DC-11  +  FMS-a . 

1.7 

0 

0 

12 

29 

DC-11  4  SB-3... . 

0.8 

0 

12 

25 

27 

DC-11  +  NG-102 . . . 

1.4 

0 

10 

Thickens 

28 

Series  II 

Rimula-30 . . . . i 

2.2 

0 

0 

7 

43 

SAB- 30  (knr)*.. . . . . . 

1.7 

0 

0 

7 

43 

DC-11  4  Vnii  np-362 .  . . 

2.0 

0  1 

0 

12 

29 

DC-11  4  FMSya  4  Vnii  np-353 . 

1.8 

0 

1 

Traces 

12 

29 

Series  III 

Kobilgrad-593 . 

3.0 

0 

0 

— 

j>80 

DC-11  4  Santolube-311 . 

2.8 

0 

0 

5 

p60 

♦By  label  of  the  firm  "Shell,”  1956,  the  oil  pertains  to  series  III. 


All  native  additives  obtained  <v.  base  of  multiash  sulfonates,  have  good  washing 
properties  at  low  thermal  stability.  Sulfonates  of  type  FK5  do  not  give  deposit 
during  oxidation  in  DK-2  instrument ,  however,  as  compared  to  foreign  sulfonate 
additives  they  give  more  significant  increase  of  viscosity. 


tft  have,  as  yet,  no  such  sulfonate  additive,  oil  with  which  would  sustain  all 
laboratory  tests  with  positive  results  during  comparison  with  imported  oils  of 
series  II  and  III. 

Oil  of  series  I  can  be  obtained  on  a  base  of  phosphorus-containing  additives 
of  type  vnii  np-360  (VNXI  NP,  All  Union  Scientific  Research  Institute  for  Oil  and 
Gas  Refining  and  the  Production  of  Synthetic  Liquid  Fuels)  and  IP-22. 

2.  Results  of  Motor  Tests 


h 


Comparative  tests  of  imported  and  native  oils  and  additives  were  conducted 
In  motors  GAZ-51,  D-35,  and  YaAZ-204,  as  the  most  wide-spread  in  the  national 
economy,  for  which  are  required  motor  oils  of  good  quality. 

Tests  of  additives  were  conducted  with  oils  from  sulfur-bearing  crudes  during 
use  of  gasoline  A-72  as  fuel  in  motor  GAZ-51  and  diesel  fuel  with  content  of 
sulfur  l£  In  diesel  engines  D-35  and  YaAZ-204.  Testing  lasted  100  and  140  hour's. 

In  Table  2  are  given  results  of  comparative  tests  of  native  and  foreign  oils 
with  additives  in  accordance  with  classification  taken  above.  As  standard  oils  and 
additives  we  tested  imported  samples:  in  motor  GAZ-51  —  ESS0-20W/30  and  additive 
angloraol-612,  by  foreign  classification  belonging  to  premium  oils;  on  diesel 
engir  D-35  and  YaAZ-204  —  oil  castrol-30  and  20,  shell-X-100  and  additive 
anglonol-917  as  samples  of  oils  of  serif r  I,  and  also  oil  sheH-rinula-30  ar,d 
addition  santolube-311  —  as  samples  of  series  II  and  III,  respectively. 

Native  oils  with  additives  tsiatim-339  (TSIATIM,  Central  Scientific  Research 
Institute  of  Aviation  Fuels  and  Oils),  vnii  np -3‘^0,  vnii  op-371  in  concentration 
j-3 •  5%  (premium  oil  for  carburetor  motors)  ensure  practically  the  same  condition 
of  parts  of  the  piston  group  of  motor  GAZ-51  as  imported  oil  ESS0-20W/30.  Additive 
angIomol-6^2  gives  somewhat  better  results  than  the  shown  native  additives. 


a 


Native  oils  with  phosphorus-containing  or  sulfonate  additives  in 
concentrations  3. 5-5. 5£,  conditionally  belonging  to  oils  of  series  I,  ensured  a 
state  of  the  piston  group  of  motor  GAZ-51  approximately  similar  to  the  state  which 
is  ensured  by  an  imported  oil  of  this  class  —  shell-X-100. 

This  group  of  oil  with  native  additives  in  concentration  6-8!$  during  test  on 
diesel  engines  D-35  and  YaAZ-204  showed  certain  advantage  in  antiwear  properties 
and  close  results  in  scale-depositing  and  mobility  of  rings  as  compared  to  Castrol. 
On  the  whole  this  group  of  oils  needs  a  certain  improvement  in  washing  properties, 
especially  for  application  in  diesel  engine  YaAZ-204.  Improvement  may  be  attained 
by  means  of  compounding  phosphorus-containing  additives  with  formaldehyde  and 
sulfonate  additives. 

Such  recccnendation  may  be  referred  to  oils  of  first  group  (premium),  which 
were  compared  with  oils  of  series  I  (DS-11  +  anglomol-917  and  shell-X-100)  on  motors 
D-35  and  YaAZ-204  accordingly  (Table  2). 

Oils  of  series  II  and  II,  as  yet,  we  have  not  managed  to  obtain.  This  was 
shown  by  laboratory  tests  (Table  1)  and,  to  a  certain  degree,  was  confirmed  by 
motor  tests  (Table  2).  Apparently,  oil  of  series  II  and  III  can  be  obtained  by 
high  concentrations  (10-12$)  of  mixtures  of  s /:  fonate  additives  with  phosphorus- 
containing  components,  sulfonate  with  phenolate  with  obligatory  addition  of  anti¬ 
oxidants.  Tests  of  additive  vnii  nj>-362,  presenting  a  mixture  of  sulfonate  of 
calcium  with  phenolate  of  barium  and  dithio phosphate  of  zinc,  on  motor  D-35,  as 
compared  to  oil  of  series  II  (rinula-30),  confirms  such  a  possibility  (Table  2). 

One  should  consider  that  motor  D-35  is  not  useftil  enough  for  classification 
and  comparison  of  such  oils. 

Comparison  of  results  of  tests  of  oil  with  additive  santolube-311  (oil  of 
series  III)  with  oil  with  native  additives  prepared  on  a  base  of  multiash  sulfonates 
showed  insufficient  motor  qualities  of  the  latter  (Table  2).  High-ash  sulfonate 
additives  possess  good  washing  properties,  but  do  not  have  necessary  antioxidant 


Table  2.  Results  of  Tests  of  Motor  Oils  with  Additives 
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qualities  protecting  platen  rings  from  scorching.  It  is  necessary  to  conduct  w>rk 
on  selection  to  additivos  of  corresponding  components,  improving  antiwear  and 
antioxidant  properties. 

It  is  necessary  also  to  note  that  during  test  of  oils  with  high  content  of 
additives  there  were  revealed  heightened  deposits  of  additive  in  combustion  chambers 
of  motors  and  on  heads  of  pistons.  Without  removal  of  this  phenomenon  it  is 
impossible  to  expect  positive  results. 

The  above  considered  preliminary  appraisal  and  classification  of  oils  with 
additives  was  needed  in  Its  check  by  means  of  prolonged  bench  tests  and,  if  possible, 
operational  tests. 

Prolonged-  600-hour  bench  tests  of  oils  of  series  0  and  I  on  motor  GAZ-51 
confirmed  the  high  motor  qualities  of  these  oils,  especially  series  I  with  additives 
vnii  np-360  and  SB-3.  During  small  wear  and  scale-deposit  they  ensured  good 
.  mobility  of  rings  (Table  3'* 


Table  J.  Results  of  Prolonged  Tests  (Kotor  GAZ-51-600  Hours) 


Index 

Oil 

Industrial 

50 

A^r\5  + 
tsiatin-339 

AS- 6  ♦ 
vnii  nj>-360 

AS- 9.5  ♦ 
SB-3 

Wear  of  cylinders,  ok . . 

31 

9 

11 

4 

Wear  of  rings,  g . 

0.74 

0.35 

0.28 

0.30 

Mobility  of  rings,  points . 

26 

0 

0 

0 

Scale  on  piston  and  rings,  g.. 

15.8 

6.3 

6.2 

0.68 

Varnish,  points  by  PZV . 

4.5 

2.5 

2.2 

0 

It  is  possible  to  consider  that  existing  mass  automobile  motors  can  be  Ailly 
maintained  by  these  oils. 

Tests  of  oils  in  motors  YaAZ-204  and  2D100  revealed  the  advantage  of  new 
additives  with  respect  to  washing  properties  (Tables  4  and  5).  However,  during 
tests  on  motor  YaAZ-204  it  was  established  that  additives  BFK,  PKS  and  vnii  np-360. 


improving  performance  qualities  of  oils,  do  not  ensure  results  corresponding  to 
* 

the  results  of  no  tor  operation  on  low-sulftir  fuel  and  oil  with  additive  tsiat  la-339, 
this  indicates  that  it  is  necessary  to  improve  oil  for  this  group  of  aotors. 

? 

I  During  use  of  oil  with  6%  additive  vnii  np-3^0  in  motors  2D100  satisfactory 

results  were  obtained. 

i 

■  Operational  tests  on* diesel  locomotives  TE-3  confirmed  data  of  bench  tests, 

i 

and  oil  with  this  additive  was  taken  into  supply.  Satisfactory  results  were  ob- 

j 

1  tained  during  test  of  this  oil  on  new  forced  diesel  locomotive  motor  10D100. 

I  In  Airther  tests  it  is  possible  to  expect  positive  results  from  additive  BFK 

1 

|  under  improved  conditions  of  its  washing  properties.  This  additive  showed  not  bad 

*  antiwear  qualities,  but  caused  significant  varnish  formation  on  pistons.  Improve- 

|  aent  of  washing  properties  of  additive  BFK  gives  the  possibility  of  recocanending 

* 

it  for  oils  of  series  I. 

Tests  of  additives  of  sulfonate  type  both  in  pure  fora  and  in  mixture  with 
antioxidant  components,  as  yet,  still  have  not  given  positive  results,  with  the 
exception  of  tests  in  motor  K-503.  In  motors  2D100  additive  PMSya  with  addition 
of  vnii  np-354  ensured  cleanness  of  parts,  mobility  of  rings,  but  caused  increase 

j 

la  wear  of  cases  and  rings  due  to  heightened  deposit  of  abrasive  character  on 

j  headplston. 

* 

j  Unsatisfactory  results  of  tests  of  all  above-indicated  additives  were  obtained 

i 

In  motor  AOD,  working  both  on  sulfur-bearing  and  on  low-sulfur  fuels  and  oils  DS-11 
and  CS-1A. 

In  Tables  6  and  7  are  given  results  of  operational  and  prolonged  bench  tests 
f  oils  of  series  I  in  contemporary  tractor  diesel  engines.  As  standards  were 
|  used  imported  oil  of  serins  I  Castrol-20  and  oil  applied  at  present  with  additive 
i  tslatlm-339  (series  0  by  new  classification). 


Table  4.  Operational  Qualities  of  DS-8  Oil  with  Additives 
(Pual  S-l£#  Motor  TaA2-2G4,  Duration  of  Tests  $50  Hours) 


Oil 

Index 

Standard 

Industrial 

50  +  3* 

-  o.zt) 

Series  0 

Series 

I 

i 

*> 

-r* 

•  O 

*» 

VI  ^ 
r> 

£ 

a 

V* 

IA 

L 

c 

is 

V* 

IA 

& 

■w. 

o 

r-4 

Hear  of  cases,  %. . 

100 

150 

90 

140 

130 

Wear  of  rings,  H . 

100 

200 

200 

150 

155 

Mobility  of  rings,  . 

100 

92 

100 

94 

75 

Quantity  of  scale  on  piston 

i 

with  rings,  . . 

100 

165 

155 

120 

115 

Surface  of  piston,  covered 

by  varnish,  ^ . 

60 

85 

50 

35 

10 

Table  5.  Operational  Qualities  of  D5-11  Oil  with  Additives 
(F\iel  S  *  lj£,  Motor  2C100,  Duration  of  Tests  600  Hours) 


Index 

Oil 

Standard  D-ll 
with  aznii-7* 
(fuel  S  =  0.2*) 

Series  0 

Series  I 

Series  II 

6*  BFK 

8* 

vnii  np- 
360 

m 

Wear  of  cases,  % . 

100 

107 

90 

115 

Wear  ©•’  rings,  % . 

100 

50 

50 

70 

Quantity  of  burned  rings. 

piece . . . 

0 

3 

1 

2 

Quantity  of  tight  rings, 

piece . . . 

0 

2 

0 

0 

Quantity  of  scale  on  piston,  !* 

100 

145 

140 

90 

Surfac**  of  piston,  covered  by 

varnish,  % . 

100 

70 

50 

*  30 

•Additive  is  designated  by  number  and  nane  of  institute,  Azerbaydzhan  Scientific 
Research  Institute.  Editors  not*;. 


These  tests  convincingly  shewed  that  oil  with  additive  vnii  np-360  and  oil 
close  to  it  in  quality  with  additive  11-22  fully  ensure  production  of  native  oils 
of  series  I  and  that  these  oils  satisfy  requirements  of  both  existing  tractor 
notors  and  requirements  of  automobile  actors .  For  long-term  machines  it  is  necessary 


to  create  oil  of  series  II  and  III,  for  which,  however,  necessary  additives  are 
•till  not  selected. 


Table  6.  Operational  Tests  of  DS-8  Oil  with  Additives  (VIM*  Data) 

(FSel  S  -  0.651,  Motor  D-54) 


Intle* 

Oil 

i 

( 

' 

Standard  DS-8 

f  3*  tsiatim- 
33 V  1%  aznii- 
Lsiatl»-lx 
(series  0) 

DS-8  +  6% 
vnii  np**360 
(series  I) 

Standard  Castrol-20 
(series  I) 

Wear  of  cases ,  ink . . . 

Wear  of  rings  (increase  of 

gap),  nn . . . 

Mobility  of  rings . 

Quantity  of  deposit  on  pistons 
with  rings,  g . 

95 

1.45 

Part  of  ring! 
tight 

19.7 

82 

0.6 

All  rings  ao1 

3.9 

1 

122 

1.12 

ve  freely 

0.5 

♦Abbreviation  for  All-Union  Scientific  Research  Institute  of  Rural  Mechanization. 
Editors  note. 


Table  7.  Operational  Qualities  of  DS-1.1  Oil  with  Additives 
(Pbel  S  =  l%t  Duration  of  Tests  of  Motors:  SMD  —  800  hours,  KDM-46- 

-  2000  hours) 


Index 

Motor  SMD  j 

Motor  KDM-46 

Standard  yf> 
tsiatim-339 
+  2%  AFB 
(series  0) 

6%  vnii  no-360 
(series  I) 

6%  vnii  no-360 
(series  i) 

Wear  of  cases,  ink.... . 

30 

17 

5 

Wear  of  rings  (increase  of 

gap),  nr. . 

0.20 

0.20 

0.30 

Quantity  of  tight  rings. 

jpiece . 

5 

3 

0 

Tartfish,  points  by  PZV . 

4 

2.5 

0 

Conclusions 

1.  laboratory  research  and  notor  tests  of  oils  with  additives  showed  that 
available  native  additives  ensure  obtaining  of  motor  oils  of  a  new  assortment 

corresponding  to  foreign  oils  of  preoiim  type  and  series  I  for  heavy  conditions  of 


work  of  motor.  These  oil*  are  useful  also  for  application  in  motors  of  old  type. 

Fbr  oils  or  series  II  and  ITT,  necessary  for  new,  promising  motors,  development 
and.  application  of  corresponding  additives  are  required. 

2.  Certain  native  additives  useful  for  obtaining  oils  of  series  0  and  I,  in 
quality,  are  near  to  quality  of  corresponding  imported  additives,  however,  it  is 
nece^iry  to  conduct  work  on  establishment  of  optimum  combinations  of  these  additive 
and  *  ion  of  their  concentrations  in  oils. 

It  is  necessary  to  continue  work  on  improvement  of  additives  for  oils  of 
serial  I  since  for  existing  motors,  such  as  diesel  engines  of  the  Kolomenskiy 
factory,  SK5G,  and  other  oils  of  good  quality  are  required. 

In  particular,  work  is  necessary  on  decreasing  content  or  changing  character 
of  metalorganic  'compounds  in  additives  for  the  purpose  of  decreasing  deposit  in 
combustion  chambers,  causing  heightened  wear,  and  also  on  improvement  of  anti¬ 
oxidant  properties  of  additives. 
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METHODS  AND  RESULTS  OF  TESTS  OF  OILS  WITH  ADDITIVES  ON 
DIESEL  ENGINES  OF  KOLOKD&KIY  FACTORY 

L.  S.  Ryazanov 

Eolomenskiy  Diesel  Locomotive  Factory 

Structural  and  Operational  Peculiarities  of  Diesel 
Engines  cf  the  Koloaenskijr  Factory 

In  accordance  with  contemporary  requirements  the  main  power  units  (diesel 
engines)  of  vessels  and  diesel  locomotives  have  to  possess  great  unit  capacity 
(2000,  4000  hp  and  above),  small  specific  gravity  (6-3  kg/hp  and  lower),  great 
motor  period  of  service  (15-20  thousand  hou-s),  great  reliability  in  work  (pistons 
* i thou t  groove  have  to  work  3000-4000  hour),  high  economy  (expenditure  of  fuel 
should  constitute  155 — 170  g/eff  hp  hr).  Forcing  index,  corresponding  to  specific 
piston  capacity  (product  of  average  effective  pressure  by  average  speed  of 

piston  C  ,  referred  to  number  of  cycles  0.75r,  for  such  diesel  engines  reaches 

■ 

60-65*  Basic  characteristics  of  diesel  engines  of  the  Kolosenskiy  factory  are 
presented  In  the  table. 

Motors,  to  which  are  presented  such  various,  contradictory  requirements  (large 
aggregate  capacity  —  call  specific  gravity,  small  specific  gravity  —  great 
motor  period  of  service),  cannot  be  designed  without  use  of  materials  possessing 
high  durability,  anti-wear,  and  anticorrosive  properties. 


Basie  Characteristics  of  Diesel  Engines  of  Koloaenskiy  Factory 


V.  is  specific  piston  capacity  (forcing  index). 


High  qualities  Bust  also  be  possessed  by  lYiels  and  lubricants.  However,  up 
to  now,  the  problem  of  naintaining  diesel  engines  of  the  Koloaenskiy  Factory  by 
high-quality  oils  cannot  be  cc-  ‘  :-red  completely  solved. 

It  is  possible  to  consider  it  indisputable  that  the  still  insufficient 
reliability  of  work  of  our  motors  and  their  rVort  periods  of  service  are  the 
result  of  unsatisfactory  quality  of  fuels  and  l-.Vri  cants,  and  also  additives 
applied,  which  should  improve  perfomance  properties  of  oils.  Wide  use  of  fuels 
and  lubricants  produced  from  crudes  of  eastern  fields  requires  application  of 
■ore  effective  additives  than  in  the  case  of  the  use  of  oils  and  fuels  from  low-. 
sulfUr  crudes. 


Methods  of  Tests  of  fils  with  Add! *  lees 

Correct  and  fast  appraisal  of  operational  properties  of  oils  with  additives 
In  reference  to  diesel  engines  of  the  Eolonenskiy  factory,  due  to  their  specific 
peculiarities,  may  be  obtained  only  when  applying  corresponding  methods  of  tests. 


As  experience  has  shown,  data  obtained  on  other  types  of  motors  or  on  one- 
cylinder  sections  of  notors,  as  a  rule,  are  not  reproduced  by  our  diesel  engines 

This  is  explained,  as  already  indicated,  by  the  specific  peculiarities  of 
diesel  engines,  and  also  the  snail  reserve  of  quality  of  existing  fuels,  oils  an 
additives  to  then  and  the  Insufficient  assortment  of  lubricating  oils.  The  non- 
eorrespondeuce  of  assortment  of  lubricating  oils  to  requirements  of  contemporary 
notors,  along  with  other  causes,  say  be  explained  by  the  absence  of  classificati  . 
of  oils,  considering  intensity  of  process  and  operational  condition  of  motors, 
and  also  absence  of  reliable  methods  of  tests  on  one-cylinder  sections  of  motors 
reflecting  condition  of  work  of  oil  in  definite  types  of  motors.  Due  to  these 
causes  selection  is  hampered  of  oils  and  additives  satisfying  operational  requir 
ments  of  diesel  engines. 

In  confirmation,  it  Is  possible  to  present  an  example  with  motor  2D- 100.  A 
is  known,  at  present  the  problem,  for  that  motor,  of  using  fuel  and  oil  from 
sulfur-bearing  crudes  can  be  considered,  to  some  degree,  solved.  However,  the 
attespt  to  extend  the  obtained  data  to  a  more  forced  motor  (IV.5)  showed  that  not 
one  of  the  available  experimental  additives,  as  yet,  could  ensure  satisfactory 
work  of  this  motor  on  ftiel  with  sulfur  content  up  to  l£.  Consequently,  qualifie 
and  correct  appraisal  of  properties  of  tested  oils  with  additives  and  the  develf? 
cent  of  corresponding  requirements  for  them  can  be  done  only  on  the  basis  of  res  ts 

of  tests  conducted  on  concrete  types  of  motors. 

However,  ruch  a  position,  when  every  machine-building  factory  rust  conduct 
work  on  selection  and  tests  of  ftiels  and  lubricants  by  individual  methods,  canno 
be  considered  correct.  Curiously,  it  is  extremely  necessary  to  generalize  all 

such  works  in  some  organizations  (for  instance,  VMI  KP),  which  have  to  be  equl;  i 

with  the  latest  models  of  motors.  There  have  to  be  developed  methods  of  tests 
which  correctly  reflect  operating  condition  of  oil  in  rotors,  including  high-fo* 

« 

diesel  engines,  in  the  first  place  methods  for  short-term  elimination  tests. 

f 


This  ic  all  the  more  necessary,  because  the  labor- consuming  nature  of  work  on 
selection  of  oils  and  additives  complels  us  to  conduct  simultaneously  development 
work  with  the  motor  so  that  by  the  moment  of  termination  of  the  latter  it  is 
possible  to  determine  requirement  for  quality  of  lubricating  oil  and  optimum 
variant  of  oil  to  check  in  the  process  of  factory  and  interdepartmental  tests  of 
motor. 

At  the  Kolomensklj  factory  tests  of  oils  and  additives  are  conducted  both  on 
one-cylinder  sections  and  on  full-size  diesel  engines. 

Separate  properties  of  oils  and  additives  (antioxidant,  washing,  anti-scale), 
as  a  rule,  are  estimated  on  results  of  short-term  100-hour  tests. 

Conditions  of  tests  are  calculated  so  that  a  motor  in  100  hours  works  on  full 
load  60-65^  of  the  time.  During  the  100  hours  additions  and  replacements  of  oil 
are  net  made. 

Before  beginning  of  every  test,  the  motor  is  washed  by  tested  oil  without 
additive  (temperature  of  oil  60-70°).  Depending  upon  arrangement  of  3tand  equip¬ 
ment  and  capacity  of  oil  system,  duration  of  washing  varies  from  3  to  6  hours 
where  in  some  cases  washing  is  conducted  by  pumping  hot  oil  through  the  motor 
(motor  turns  during  this),  in  other  cases  —  t.  means  of  operating  in  snail  turns 
and  load. 

Duration  of  washing  usually  is  established  by  experimental  means;  ft  instance, 
during  application  of  additives  containing  barium,  by  change  in  content  of  barium. 

It  has  been  established  that  after  3-6  hours  of  washing,  concentration  of  barium 
in  washing  oil  is  stabilized  and  constitutes  nearly  10?£  of  the  concentration  of 
barium  in  tested  oil. 

As  appraisal  indices  are  used  quantity  and  character  of  scale  and  varnish 
deposit  on  motor  parts,  mobility  of  piston  rings,  and  change  in  physical  chemistry 
properties  of  oil. 


Quantity  of  scale  deposit  is  estimated  by  weight;  degree  of  varnish  deposit  - 
-  by  area  covered  and  with  the  help  of  a  thickness  gang*. 

Pinal  appraisal  of  quality  of  oil  is  conducted  by  means  of  prolonged 
(600-1000-hours)  tests  on  full-size,  developed  motors.  As  comparison  with  actual 
operating  conditions  are  applied  more  rigid  operating  conditions.  Along  with 
antioxidant  and  washing  properties  there  are  estimated  also  antiwear  properties 
and  duration  of  service  period  of  oil,  effectiveness  of  work  of  filtration  units, 
and  others. 

Antiwear  properties  of  oil  are  estimated  by  means  of  micrometric  area  of  motor 
parts  and  also  by  accumulation  of  metallic  particles  in  working  oil,  determined  by 
spectral  analysis. 

Results  of  Tests  of  Oils  with  Additives 

Diesel  engines  newly  released  and  created  at  the  Kolomenskiy  factory,  as 
experience  shows,  can  reliably  work  only  when  using  oils  with  additives  possessing 
good  antioxidant,  washing,  and  other  properties. 

The  Kolomenskiy  factory  tested,  on  motors  of  various  types  with  different 
base  oils,  a  large  series  of  additives  of  both  industrial  production  and  develop¬ 
ment  types. 

All  these  tests  can  be  broken  cu*m  into  three  groups: 

1)  tests  on  oils  and  fuels  from  low-sulfur  crudes; 

2)  tests  on  oils  and  fuels  from  sulfur-bearing  crudes; 

3)  tests  on  low-sulfur  fuel  and  oil  from  sul fur-beari:ig  crudes. 

The  tests  conducted  showed  that  good  additives  (azriii-tsiatim-1,  tsiatim-339) 
improve  basically  the  washing  properties  of  oils.  With  increase  in  forcing  of 
diesel  engines  the  effect  of  application  of  these  additives  decreases. 

Thus,  on  diesel  engine  40D  during  >rork  ;vcn  on  low-sulfur  fuel  and  oil, 
additive  tsiatim-339  does  not  ensure  reliable  cleanness  of  piston  group.  During 


prolonged  work,  on  Internal  cooled  surfaces  of  pistons  is  left  a  significant 
quantity  of  deposit  (Fig.  1),  which  leads  to  overheating  and  burnt  pieces  cn  the 
bottoms  of  pistons. 

During  work  of  diesel  engine  D-42  (D-43)  on  low-sulfur  fuel  and  oil,  there 
occurs  intense  oxidation  of  oil,  which  is  characterized  by  increase  in  viscosity 
of  oil,  contamination  of  oil  filters  (Fig.  2),  condensers,  and  other  parts,  and 
insufficient  cleanness  of  the  piston  group. 

In  1959  on  motor  40D  was  conducted  a  large  series  of  experiments  on  fuel  and 
oils  prepared  from  sulfur-bearing  crudes.  A  number  of  development  types  of 
additives  were  checked. 


Fig.  2.  Section  of  oil  filter  of 
cavity  of  piston  of  1D42  motor  after  150  hours  of  work. 

40D  motor  after  TOO  hours  of  work 
on  NK-20  oil  (302)  +  D  =  11  (70<) 

with  y%  additive  tsiatin-339  Tests  were  conducted  for  the 

(weight  of  scale  8,35  g). 

purpose  of  determining  possibility  of 
using  sulfur-bearing  fuel  (with  sulfur 
content  up  to  12)  in  high-forced  diesel 
engines. 

It  is  necessary  to  pay  attention  to  one  of  the  most  characteristic  indices  by 
*»lch  was  conducted  appraisal  of  results  of  tests  —  state  of  piston  rings.  Tests 
were  conducted  on  rotors  2D100,  40D,  42D0  and  C-42. 

In  the  process  of  tests  were  checked  additives:  tsiatim-339,  vnii  np-36C, 
MNI-22K,  vnii  np-371,  PMSya,  ?E-102Y,  and  also  additive  to  fuel  vnii  np^lll  and 
asmonla. 


5-1:1 


Wot  one  of  the  checked  additives  failed  to  ensure  efficiency  of  rings# 
equivalent  to  that  which  was  observed  in  low-sulfur  fuel  and  oils.  It  was 
established  that  scorching  of  piston  rings  is  the  result  of  increased  scale  and 
varnish  deposit.  During  work  on  sulfur-bearing  fuel  and  oil,  thickness  of  scale 
on  rings  is  increased  for  some  additives  3  times  and  more.  Burning  of  rings 
subsequently  led  to  burrs  of  pistons  and  cylinder  bushings,  i.e.,  put  the  diesel 
engine  out  of  commission. 

During  test  of  sulfur-bearing  fuel  and  oil  on  diesel  engine  40D  there  was 
established  also  a  sharp  reduction  in  service  period  of  exhaust  valves.  Already 
after  100  hours  of  work  on  sulfur-bearing  fuel  on  operating  edges  of  valves  appeared 
pits  1  bsb  in  diameter,  after  553  hours  were  revealed  burnt  places  on  several  valves 
(Fig.  3).  During  work  on  low-sulfur  fuel  and  oil  similar  phenomena  were  not  ob¬ 
served. 

By  analyzing  results  of  tests  of  sulfur-bearing  fuel  on  a  40D  motor  and  also 
results  of  numerous  tests  of  such  fuel  on  a  2D100  diesel  engine-generator,  the 
conclusion  can  be  made  that  available  additives  to  oils  and  fuels  during  use  of 
sulfur-bearing  fuels  with  sulfur  content  near  1%  on  high- forced  diesel  engines  do 
not  completely  satisfy  operational  requirements. 

Htr^ugh  on  Jiesel  engine-generator  2D100  this  problem,  as  already  was  noted 
above,  to  some  degree  is  solved  with  the  use  of  additive  vnii  np-360,  during  an 
attempt  to  use  sulfur-bearing  fuel  on  a  40 D  motor  with  high  forcing  (forcing  index 
is  30  for  diesel  engine  2D100,  50  for  diesel  engine  AOD)  it  turned  out  that  the 
most  effective  additives  do  not  possess  necessary  properties  allowing  tho  use  of 
sul fur-bearing  fuel  for  this  diesel  engine. 

On  the  basis  of  the  given  data  it  is  expedient  before  setting  up  production 
of  highly  effective  additives,  to  use  high- forced  diesel  engines  and  newly  created 
ones  on  diesel  fuel  with  sulfur  content  of  not  more  than  0.k%,  diesel  locomotive 
engines  on  diesel  fuel  with  sulfur  content  not  more  than  0,6%,  and  high- forced 


Men*?!  iov.anotive  engines  on  fuel  with  sulfur  content  not  core  than  C.2%. 

Ct\  the  basis  of  recocssendations  of  scientific-technical  conferences  on 
questions  of  use  of  fuels  and  lubricants,  the  Kolomenskiy  factory  conducted  a 
number  of  tests  for  the  purpose  of  determining  the  possibility  of  using  oils 
produced  from  sulfur-bearing  crudes  in  high-forced  diesel  engines  during  their 
Oj^e ration  on  low-suli\ir  fuels.  Such  tests  were  conducted  on  rotors  40D  and  D -42. 


fig.  3.  Burnt  place  on 
exhaust  valve  of  a  40D 
motor. 


It  was  established  that  high- forced 
motors  40D  and  D-42  during  work  on 
low-sulfur  fuel  and  during  use  of  oils 
from  sulfur- bearing  crudes  can  work 
satisfactorily.  However,  it  is  necessary 
to  note  that  quality  of  additives,  even 
in  this  case,  requires  improvement . 


fr 

Requirements  for  Oils  and  Additives 


For  farther  development  of  diesel  construction,  increase  in  period  of 
service  and  operational  reliability  of  diesel  engines,  wider  nd  effective  works 
are  necessary  in  the  region  of  creation  and  test,  of  additives  to  oil3.  It  is 
necessary  to  examine  and  to  improve  also  the  organization  of  these  works. 

For  increase  in  effectiveness  of  tests  conducted  by  factories  and  reduction 
of  their  quantity  and  duration,  it  is  necessary  to  accelerate  introduction  into 
action  of  a  new  classification  of  oils  and  to  ensure  industrial  manufacture  of 
oils  in  accordance  with  this  classification. 

Oils  with  additives  of  series  II  and  III*  have  to  ensure  the  reliable  work 
of  contemporai7  high- forced  diesel  engines:  first  of  all  the  reliable  *»rk  of  the 

*3ee  report  of  N.  G.  Puchkov,  M.  S.  Borovaya,  A.  A.  Deryabin  and  G.  P. 
Belyanehikov  Tests  of  oils  from  sulfur- bearing  oils  with  different  additives." 
(Editors  note). 
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piston  group  (without  Jaming  of  piston  rings  during  mil  seals  and  tarnish  da- 
posit,  ensuring  normal  heat  conduction  of  parts  heated  to  600*  and  continuously 
washed  by  oil  having  a  temperatu»*e  below  120*)  and  bearings  froo  lead  alloys. 

Oils  with  additives  must  have  high  antioxidant  properties  allowing  them  to 
work  500  hours  and  more  without  replacement.  Oils  with  additives  must  reliably 
work  during  water  content  in  them  up  to  0.5%.  Assortment  of  oils  should  be  more 
varied  in  viscosity-temperature  properties.  Diesel  oils  sust  be  produced  with 
viscosity  of  8,  10,  14,  16,  20  cs  at  100*. 

Oil  with  additives  must  be  stable  during  storage;  additives  must  not  fall 
from  oil  during  application  of  centrifugal  filters. 

Oils  with  additives  have  to  possess  good  anti-wear  properties  ensuring 
reliable  work  of  actor  during  assigned  period  of  service  (to  20,000  hours)  and 
reliable  work  of  piston  group  wirdiout  groove  of  pistons  for  4000  hours. 

Fbr  the  purpose  of  rational  expenditure  of  oil  and  correct  operation  of 
motors  it  is  necessary  to  establish  sorting  indices  for  working  oils  and  their 
limiting  numerical  values. 
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TESTS  OP  ADDITIVES  TO  Oil  Hi  A  2D100  MOTOR  OF  A  DIESEL 
LOCOMOTIVE  WHILE  OPERATIC  ON  SULFUR-BEARING  FUEL 

B.  N.  Strunge,  and  N.  P,  Sinenko 
Khar.'kovskiy  Factory  of  Transport  Machine  Building 
Named  after  V.  A.  Malyshev 

In  the  factor*/  named  after  V.  A.  Malyshev,  in  the  period  of  development  and 
starting  production  of  diesel  engine  2D100  was  faced  the  problem  of  ensuring  work 
of  motor  on  advanced  oils  and  fuels.  For  solution  of  this  problem,  in  the  factory 
sin'  e  1956  have  been  conducted  tests  of  the  2D100  motor  on  sulfur-bearing  fuel  and 
oil  from  sulfur-bearing  crudes  with  different  additives.  Design  features  of  diesel 
locomotive  motors  and  the  specific  ch.  -:*'*♦  cr  operating  conditions  (large 
mechanical  and  thermal  strength,  long  duration  of  work  on  idling)  essentially 
distinguish  them  from  diesel  engines  of  other  types.  These  peculiarities  demanded 
from  the  factory  sericus  attention  to  selection  and  tests  of  high-quality  additives 
to  feels  and  oils,  possessing  good  performance  properties,  because  behavior  of  fuels 
and  oils  In  diesel  locomotive  motors  had  been  weakly  studied.  During  tests  of  fuels, 
oils  and  additives  fbr  the  2D100  motor,  the  factory  was  helped  by  the  institutes 
fill  I  ¥F  awl  INKhF-*  of  the  Academy  of  Sciences  of  the  Azerbaydthan  SSR  (formerly 
AsfTIT). 

•Additive  is  designated  by  nunber  and  name  of  institute,  Institute  of 
Petrochemical  Processes. 


la  accordance  with  the  plan  of  work  approved  b y  the  commission  for  teats  of 
fuels,  oils,  and  labrlcants,  the  factory  conducted  tests  of  the  following  fuels, 
oils,  and  additives. 

a)  fuel  of  All-Union  Government  Standard  305-42  with  content  of  sulftr  1.2Jf ; 

Fuel  of  GOST  305*58  with  content  of  sulfur  l£; 

Fuel  of  GOST  305*58  with  content  of  sulfur  0.3#  (hydropurified). 

b)  Oil  DS-11  from  sulfur-bearing  crudes,  oil  USp-11  All-Union  Government 
Standard  8581-57  (with  3%  additive  tsiatim-339). 

c)  Additive  to  oil  DS-11:  vnii  np-360,  aznii-8,  IP-22,  PSH^,  BFX-1. 

d)  Additive  to  fuel  —  naphthenate  of  sine. 

In  the  factory  one  full-size  motor  2D100  was  taken  for  tests. 

The  motor  was  tested  on  a  special  stand  which  included  a  fuel  and  oil  system, 
a  fresh  water  system,  and  an  electrical  system  identical  to  a  diesel  locomotive, 
and  had  instruments  for  carrying  out  all  necessary  measurements. 

Diagram  of  systems  of  the  testing  stand  ensured  work  of  the  motor  under  con¬ 
ditions  close  to  those  operational  on  diesel  locomotives.  This  is  very  important 
since  the  variable  operating  conditions  for  the  motor,  characteristic  for  diesel 
locomotives,  essentially  affect  results  of  tests. 

For  tests  a  special  method  was  developed,  ensuring  full  comparison  of  results 

of  tests  of  oils  with  diverse  variant*  of  additives  and  the  obtaining  of  corre- 

% 

s ponding  criteria  for  appraising  effectiveness  of  tested  additives.  Such  criteria 
were:  change  in  basic  parameters  of  rerk  of  motor  and  physical  chemistry  indices 
of  oil  with  additive  (by  analyses  of  samples  taken  from  crankcase  of  motor):  state 
md  wear  of  basic  woridng  parts  of  the  motor  (cases  of  cylinders,  piston  rings, 
crankshafts,  t tarings,  piston  pins,  bushings  of  upper  heads  of  connecting  rods, 
and  others);  quantity  and  quality  of  gum  deposit  and  sea?*  deposit  on  basic  parts 
(in  openings  of  cylinder  cases,  on  pistons,  in  systems  of  filtration  of  oil  and 
crankcase  of  motor,  etc);  state  of  fuel  equipment;  change  of  temperature  of  piston 
during  tests  (for  appraisal  of  degree  of  scale  deposit),  and  others. 
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4s  standard  indices  were  taken  results  obtained  during  tests  of  the  2D100 
rotor  on  fuel  of  COST  4749-49  and  D-ll  oil  of  GOST  5304-54  with  3*  additive 
aznil-7. 

Fbr  every  type  of  tests  was  determined  a  single  procedure. 

After  rolling  and  regulating  tests  the  2D1CO  motor  was  tested  with  respect 
to  load  characteristics  at  850  rpn  and  operation  on  oil  D-ll  GOST  5304-54#  fuel  of 
GOST  4749-49#  and  fuel  intended  for  tests. 

Then  the  motor  was  sorted  in  the  following  order: 

a)  removed  were  lower  and  upper  pistons,  main  bearings  of  upper  and  lower 
crankshaft  (without  groove  of  lower  crankshaft); 

b)  purified  from  scale  were  exhaust  and  blow-through  openings  of  cylinder 
cases,  internal  surfaces  (cooled  by  oil)  of  pistons,  grooves  of  compression  rings 
and  skirts,  and  the  rotor  of  the  centrifugal  filter  was  washed; 

•  c)  mlcroanetrically  measured  were  cylinder  cases  of  main  and  connecting  rod 
necks  of  upper  crankshaft,  all  main  and  connecting  rod  bearings,  compression  rings, 
piston  pins,  and  bushings  or  upper  heads  of  connecting  rods; 

d)  weighed  were  piston  compression  rings,  pistons,  and  the  rotor  of  the 
centra fugal  filter; 

e)  oil  was  poured  from  the  motor  and  oil  system  of  the  stand; 

f)  crankcase  and  oil  system  were  washed; 

g)  filters  of  coarse  purification  of  oil  were  washed; 

h)  filters  of  fine  purification  of  oil  were  washed  and  paper  filtering 
packs  were  replaced.  Before  installation,  new  paper  filtering  packs  were  moistened 
In  oil  with  a  corresponding  additive  at  a  t-rcperature  of  50-60*  for  10  hours.  After 
runoff  of  oil,  also  for  10  hours,  packs  were  weighed. 

i)  filters  of  fine  purification  of  fuel  were  wished  and  filtering  elements 
replaced.  Before  installation  new  filtering  elements  were  moistened  for  5  hours 

in  rtoel  intended  for  tests.  After  runoff  «>f  fuel  during  3  hours  filtering  elements 
were  weighed; 


j)  oil  system  was  filled  by  test  oil  with  additive. 

Oil  system  was  filled  after  mixing  oil  with  corresponding  additive  in  a 
special  600  kg  nixing  tank  equipped  with  individual  steam  preheating  of  oil  and 
device  for  circulatory  nixing. 

Fullness  of  dissolution  of  additive  in  oil  was  checked  by  viscosity  of  oil 
taken  from  botton  and  tram  top  of  nixer. 

Proceeding  for  tests,  fuel,  oil,  and  additives  were  analysed  in  the  laboratory 
on  all  basic  indices  for  conformity  to  their  GOST  or  TU  at  each  servicing  of  stand 
capacities. 

Every  development  type  of  oil  with  additive  was  tested  for  600  hours,  separately 
repeating  10-hour  stages  in  conditions  close  to  working  conditions  of  motor  during 
operation  of  diesel  locomotives.  At  the  end  of  the  600-hour  tests  lead  charac¬ 
teristics  at  850  rpn  were  ueterrlned. 

During  every  stage  of  prolonged  tests  were  measured  basic  parameters  of  work 
of  motor  and  analysed  samples  of  oil  taken  from  crankcase  of  motor. 

During  tests  of  additives  ainli-8,  mil  r.p-360  and  standard  samples;  each 
30  hours  of  motor  operation  temperature  of  the  bottom  of  one  or  two  lower  pistons 
was  measured  by  a  special  thennooeasuring  device  for  appraisal  of  Increase  of 
scale  deposit  on  bottom  of  pistons.  These  oeasuresents  were  produced  in  conditions 
ef  maxima  capacity  and  with  the  lea  ’  characteristic  at  850  rpm. 

Samples  of  oil  for  analysis  were  removed  in  the  follovlnt  order:  first 
sample  before  fl~st  stage  of  tests;  second  —  in  the  beginning  of  first  stage 
(a f*er  20  minutes  of  work);  subsequent  samples  removed  after  every  30  hours  of 
motor  operation  at  maximvr  capacity  at  850  rpm. 

Xm  samples  of  oil  there  were  determined  tl>e  following  physical  cl  mietry 
parameters:  a)  kinematic  viscosity  at  100'*;  b)  acid  number;  c)  ash  content;  d) 
content  of  water;  •)  mechanical  impur it ies ;  f)  teap^rature  of  flae.^;  g)  content  of 
barlun  or  crl  c*«b;  h)  content  of  mineral  acids  and  alkalis. 


During  prolonged  tests  after  every  30  hours  of  work,  the  motor  was  stopped 
and  oil  with  additive  was  added  to  the  necessary  level.  Quantity  of  added  oil 
with  additive  was  fixed  in  order  to  calculate  total  expenditure  of  oil  and  additive. 

Expenditure  of  oil  after  every  stage  of  prolonged  600-hour  tests  was  defined 
as  the  sum  of  added  oil  with  additive  after  subtracting  weight  of  oil  in  removed 
samples. 

After  600-hour  tests  motor  again  was  sorted  in  the  following  order. 

a)  Inspected  and  visually  determined  were  scale  and  varnish  deposit  on 
pistons,  in  grooves  of  piston  rings,  and  cavity  of  oil  cooling.  Determined  were 
tht  nobility  of  piston  rings,  gum  deposit,  and  coke  clogging  of  compression  and 
oil  rings  with  subsequent  purification  of  scale  for  its  weighing. 

b)  Inspected  were  exhaust  and  blow-through  openings  of  cylinder  cases  for 
visual  appraisal  of  scale  deposit  with  subsequent  purification  of  it  for  weighing. 

c)  Inspected  and  checked  were  burner  and  fuel  pumps. 

d)  Micrometric  measurement  was  made  of  cylinder  cases,  main  and  connecting 
rod  necks  of  upper  crankshaft,  connecting  rod  necks  of  lower  crankshaft,  main  and 
connecting  rod  bearings,  compression  rings,  piston  pins,  and  bushings. 

e)  Weighed  were  piston  compression  ringj,  packs  of  filters  of  fine  puri¬ 
fication  of  oil  and  fuel,  and  rotor  of  centrifugal  filter. 

All  scale  deposit  was  subjected  to  chemical  analysis. 

Results  of  Tests 

A.  Tests  on  Konsulphur- Bearing  Fuel  of  COST  4749-49 
and  Ml  Oil  of  GOST  5304-54  with  3*  Additive 
asnii-7  (Standard  Tests) 

Results  of  these  tests  wore  the  criteria  for  appraisal  of  effectiveness  of 
different  additives  to  DS-11  oil  (from  sul fur-bearing  crudes)  during  work  of  motor 
on  sulfur-bearing  fuel. 


Tests  showed  the  following. 

1.  Basic  parameters  of  work  of  motor  daring  600-hour  tests  virtually  were 

j 

i  not  changed. 

| 

j  2.  Internal  cooled  surfaces  of  pistons  had  insignificant  scale  deposit  —  on 

i 

I  the  average  0.67  g  for  lower  pistons  and  1.95  g  —  for  upper. 

i 

[  3.  In  grooves  of  piston  rings  scale  constituted  on  the  average  6.52  g  for 

p 

■  lower  pistons  and  6.7  g  —  for  upper. 

i 

|  4*  Babbit  surfaces  of  main  and  connecting  rod  bearings  were  in  good  condition 

a 

I  5*  Absence  of  loss  of  mobility  in  all  piston  rings. 

* 

j  6.  Snail  scale  deposit  on  blow-*,  hi  ^  gh  and  exhaust  openings  of  cylinder  cases 
l  ensuring  stability  of  basic  parameters  of  motor  operation. 

7*  Moderate  wear  constituted: 

a)  for  cylinder  cases  over  belts  in  the  region  of  internal 


dead  points,  ran . 0.054 

b)  for  compressor  rings  near  locks: 

of  lower  pistons,  era . ....0.273 

of  upper  pistons,  ran... . 0.375 

c)  for  bushings  of  upper  heads  of  connecting  rods,  ran..... 0.04 

d)  for  piston  pins,  era... . . . 0.08 

d)  for  main  and  connecting  rod  bearings »  ran . 0.006 


j  Consequently,  standard  tests  shoved  reliable  orator  operation. 

B.  Tests  of  a  Motor  Working  on  Pbel  with  1.2%  Content  of  Sulfur 
Tested  were: 

a)  DS-11  oil  with  additive  vnil  np-360  in  concentrations  of  6%  and  1U%\ 

b)  the  same  with  additive  aznii-8  in  a  concentration  of  8%i 

i  *  r' 

?  ,  ' 

|  e)  additive  of  nine  naphthenate  to  fuel  la  a  concentration  of  0.2%  in 

f 

j  combination  with  additive  to  oil  vnil  np-360. 


It  is  necessary  to  note  that  during  first  tests  analysis  of  oil  on  degree  of 
wearability  of  additive  showed  that  content  of  active  barium  sharply  decreased  and 
already  after  200  hours  of  motor  operation  it  was  insignificant,  as  a  consequence 
of  which  was  observed  active  scale  deposit.  In  connection  with  this  was  revealed 
the  necessity  of  selecting  corresponding  concentration  of  additive  to  oil. 

Tests  of  enumerated  development  types  showed  the  following: 

1.  Comparative  tests  of  a  2D100  motor  with  respect  to  load  characteristic 
at  850  rpm  on  fuel  with  a  1.2?  sulfur  content,  GOST  305-42,  and  on  fuel  of  GOST 
4749-49  (conducted  in  beginning  of  600-hour  tests)  revealed  that  basic  parameters 
of  work  of  motor  are  changed  insignificantly;  therefore,  for  work  on  sulfur-bearing 
tael  readjustment  of  motor  is  not  required. 

2.  Basic  parameters  of  work  of  a  2D100  motor,  toward  the  end  of  600—  hour 
tests,  were  changed.  During  tests  of  oils  with  6#  additive  vnii  np-360  and  8? 
additive  ainii-8  the  capacity  of  the  motor  decreased  by  40-50  hp,  and  temperature 
of  exhaust  gases  was  increased  by  2O-40'>.  These  changes  were  caused  by  impairment 
of  operation  as  a  r-rilt  of  the  decrease  in  the  cross  section  of  exhaust  and 
blow-through  openings  because  of  heightened  scale  deposit  during  work  on  fuel  and 
oil  from  sulfur-bearing  crudes. 

3.  Measuring  the  piston  temperature  showed  that  increase  in  temperature  of 
bottom  of  piston  during  the  tir.e  of  tests  is  practically  equal  for  all  tested 
samples  (including  standard)  and  constitutes  approximately  70°. 

4.  During  inspection  of  dismantled  motor  after  termination  of  *ests,  it  was 
established  that  pistons  had  the  best  conditions  of  external  surfaces  and  internal 
(cooled  by  oil)  surfaces,  as  far  as  scale  deposit  was  concerned,  after  tests  of 
oil  with  14?  additive  vnii  np-36C;  the  least  quantity  of  scale  deposit  on  blow- 
through  openings  existed  also  after  tests  of  oil  with  14?  additive  vnii  np-360 
(11.7  g),  the  biggest  (31.4  g)  —  after  tests  with  6 ?  additive  vnii  np-360 
(during  standard  tests  4.13  g). 


Uwt  quantity  of  deposit  on  exhaust  openings  was  after  test  with  6# 

additive  vnii  np-360* 

5.  Check  and  inspection  of  fuel  equipment  showed  satisfactory  state  of  props 
and  burners  during  all  conducted  tests. 

6.  Results  of  microns  as  ureaient  showed  that  least  average  wear  of  basic 
working  parts  of  motor  was  obtained  during  tests  of  oil  with  6#  additive  vnii  np-360, 
aad  the  biggest  during  testa  of  oil  with  8X  additive  aznii-8.  Thus,  for  instance: 

a)  wear  of  cases  along  fourth  belt  (in  region  of  combustion  chamber)  after 
tests  of  oil  with  6#  additive  vnii  np-360  constitutes  0.085  am *  with  1 4#  additive 
vnii  np-360  —  0.154  on,  and  with  $3  additive  axnii-8  —  0.244  mm.  (During  standard 
tests  0.054  am); 

b)  least  increase  of  gap  in  locks  of  compression  rings  was  obtained  after 
tests  of  oil  with  6 %  additive  vnii  np-360,  for  upper  rings  —  0.845  am,  the  biggest 
after  tests  of  oil  with  additive  aznii-8  —  2.55  mn»  after  tests  with  14£  additive 
vnii  np-360  Increase  of  gap  constituted  1.39  sac  (during  standard  tests  0.79  mm); 

e)  least  wear  of  pins  of  lower  pistons  *—  after  tests  of  oil  with  t% 
additive  vnii  np-360  —  0.005  nan,  with  VS  additive  —  0.03  mm  (during  standard 
tests  0.01  mo). 

^r«ar  of  pins  of  upper  pistons  after  tests  of  oil  vith  6%  additive  vnii  np-360 
—  0.015  mm,  with  14#  of  this  additive  —  0.024  an  (during  standard  tests  0.01  an); 

d)  wear  of  lower  main  bearings  after  tests  of  oil  with  6 %  additive 
vrii  np-360  —  0.007  cm,  with  14#  r*  this  additive  —  0.026  mm  (during  standard 
‘ eats  0.006  urn). 

Tests  of  additive  to  fuel  naphthenate  of  sine  in  concentration  0.2#  (during 
simultaneous  application  of  8#  additive  vmii  np-360  to  oil)  shnwnri  that  impairment 
of  basic  parameters  of  work  of  motor  —  decrease  of  capacity  approximately  by  35  hp 
and  increase  oi  temperature  of  exhaust  gases  by  25°  was  caused  by  heightened  scale 
deposit  on  blow- through  and  exhaust  openings  of  cylinder  cases  and  large  quantity 
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of  deposit  on  surface  of  nozzle  tips  of  burners.  Heads  of  pistons  on  the  side  of 
the  combustion  chamber  were  covered  by  nonuni  form  layer  of  deposit  of  dark-brown 
color.  The  came  deposit  in  large  quantity  were  on  nozzle  tips  of  burners. 

These  deposits  were  formed  under  the  influence  of  additive  of  naphthenate  of 
zinc  in  fuel) 

e)  increased  2-3  times  the  wear  of  cylinder  cases  and  piston  rings  of  motor 
as  compared  to  standard  tests. 

Consequently,  conducted  tests  of  additives  vnii  np-360,  aznii-8  and  naphthenate 
of  zinc  during  work  of  motor  on  fhel  with  content  of  sulfur  1.2$  showed  that  these 
additives  do  not  ensure  completely  satisfactory  work  of  motor  2D100;  the  most 
effective  in  washing  properties  is  additive  vnii  np-360  in  a  concentration  of  1 iS, 
and  in  antiwear  properties . the  same  additive  in  a  concentration  of  6$. 

C.  Tests  of  a  Kotor  Working  on  Fuel  with  Content 
of  Sulfur  1.0 $  and  Oil  DS-11 

During  work  of  motor  on  thi’  ‘‘uel  were  tested  additives  vnii  np-360,  IP-22, 

PKS  and  BFK-1. 

ja 

As  a  result  of  conducted  tests  of  additive  vnii  np-360  both  in  the  factory  and 
in  VNII  NP,  optimum  concentration  of  it  was  foun.!  t  ?  be  8$  in  oil.  During  test 
of  additive  of  this  concentration  on  motor  it  was  revealed  that  results  of  variation 
in  parameters  of  work  of  motor,  nobility  of  piston  ring3,  wear  of  basic  working 
parts  —  cylinder  cases,  piston  rirgs,  bearings,  and  crankshafts,  are  equivalent 
to  results  obtained  during  standard  tests. 

Results  of  these  tests,  with  respect  to  scale  deposit  on  pistons,  blow- 
through  and  exhaust  openings  and  cleanness  of  other  parts  of  the  motor,  are  close 
to  the  results  of  tests  of  this  additive  in  concentration  of  1A$  during  work  on 
fuel  with  content  of  sulfur  1.2$. 


Additive  IP-22  was  tested  in  a  concentration  of  13. 75^  At  the  Kolcmenskly 

factory  and  in  a  concentration  of  8%  at  the  factory  named  after  f.  A.  Malyshev. 

Daring  teat  were  obtained  unsatisfactory  results ,  expressed  by  Impairment  in 

parameters  of  work  of  no  tor,  increased  wear  of  working  parts  and  loss  of  nobility 

*• 

of  part  of  the  piston  rings. 

During  test  of  additive  FKS  in  a  concentration  of  8£  (with  simultaneous 
application  of  additive  vnii  n p-354  In  a  concentration  of  2£)  it  was  revealed  that 
deposit  of  sc.'le  on  skirts  and  internal  cavities  of  pistons,  blow-through  openings, 
and  on  oil  rings  is  absent.  This  testifies  to  high  washing  properties  of  this 
additive;  basic  parameters  of  work  of  motor  during  600-hour  tests  were  virtually 
not  changed;  wear  of  basic  parts  of  motor  (piston  rings,  crankshaft,  bushings  of 
upper  heads  of  connecting  rods  and  piston  pins)  is  equivalent  to  wear  during  tests 
of  oil  with  8%  additive  vnii  np-360. 

Hear  of  cylinder  cases  by  20-40??  exceed  *d  wear  of  cases  during  mentioned  tests 
and  could  be  caused  by  presence  of  consolidated  deposit  on  lateral  surfaces  of 
beads  of  pistons  (higher  than  piston  rings). 

Tests  of  this  additive  with  decrease  of  concentration  to  5%  (during  simultaneous 
application  of  additive  vnii  n p-354)  shoved  sharp  impairment  of  motor  with  respect 
to  ecile  deposit,  mobility  of  piston  rings,  wear,  and  other  indices. 

Test  of  additive  BFK-l  in  concentration  of  6%  showed  that  wear  of  cylinders, 
comer esslon  rings,  piston  pins,  bushings  of  upper  heads  of  connecting  rods 
approximately  corresponds  to  wear  observed  after  teat  of  fit  additive  vnii  np-360; 
however,  cleanness  of  basic  parts  was  somewhat  worse,  therefore,  application  of 
additive  BFK-1  for  motor  2D1C0  may  be  recognised  as  expedient  under  conditions  of 
a  certain  improvement  in  its  washing  properties. 

Cnmmsqpeafcly,  conducted  tests  of  additives  IP-22,  vnii  np-360,  FKS^  and 
BFK-1  to  oil  DS-li  during  work  of  motor  on  iUel  with  content  of  sulfUr  l.OJf 
■bowed  that  the  most  effective  additive  la  vnii  np-360  in  a  concentration  of  8t, 
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Therefore,  it  is  possible  to  allow  2D10C  motors  to  operate  or,  sulfur-bearing  fuel 
with  content  of  sulfur  below  1X2  uvi  13-11  oil  with  8%  additive  mii  np-360. 

0.  Tests  of  a  Motor  Working  on  Hydro  purl  lied  Fuel  with  Consent 
of  Sulfur  0.334*  and  DSp-11  Oil,  COST 
S5S1-57  {with  8£  Additive  vnii  np-360) 

In  1959  a  decision  was  nade  concerning  the  temporary  (period  of  one  year) 
application  on  diesel  engines  2D100  of  diesel  locomotive  TE3  of  DSp-11  oil.  In 
connection  with  thin,  in  the  factory  were  conducted  600-hour  tests  showing  a 
certain  impairment  of  aot-or  condition  as  compared  to  standard  tests  on  fuel  of 
COST  4749-49  and  D-ll  oil  with  Ji  additive  aznii-7.  The  coemission  conducting 
observation  of  tests  considered  it  possible  temporarily  to  allow  use  of  diesel 
loconotoves  TE3  on  abc^e- indicated  fuel  and  oil  with  additive  tslatlm-339  during 
observance  in  operation  of  the  following  conditions:  to  remove  pistons  for  puri- 
f.U  it  ion  from  cale  of  external  and  internal  surfaces  after  running  55*60 
thousand  km,  to  change  oil,  to  purify  exhaust  openings  of  scale,  to  replace  filters 
and  to  purify  centrifugal  filter  after  15-20  thousand  km  of  running;  to  watch 
carefully  atat«  of  motor. 

On  the  basis  of  these  decisions  a  msber  of  depots  were  directed  to  work  21)100 
motors  on  DJp-li  oil,  but  after  operating  motors  on  this  oil  for  1.^-2  thousand 
hours  of  work  of  diesel  locomotives,  there  began  a  mass  breakdown  of  connecting 
rod  bearings  due  to  chipping  off  of  the  babbit  filling. 

Up  to  now  the  nature  of  ths  bearing  breakdowns  has  not  been  completely  studied 
therefore,  factories  and  institutes  of  the  petroletm  industry  should  be  mere 
energetically  involved  in  the  study  and  removal  of  this  phenomenon.  It  seems  to 
us  that  the  attempt  of  VKIt  NF  to  negate  the  harmful  influence  of  DSp-11  oil  during 
prolonged  work  of  motors  is  unfounded. 

In  prospect,  DS-11  oil  with  8^  additive  vnii  n^>360  will  be  introduced  into 
use;  therefore,  the  study  of  the  phenctwr<on  of  bearing  breakdowns  should  be  a  first 


priority  problem,  the  nere  so,  because  during  operational  check  of  DS-11  oil  with 
8t  additive  mil  nj>*3&>  there  algo  were  observed  eases  of  bearing  breakdown  due  to 
chipping  off  of  babbit. 

In  connection  .with  this  ind  before  the  study  of  the  cause  of  the  established 
defect,  it  is  necessary  to  stop  the  operation  of  diesel  locoootives  TE3  on  DSp-11 


s*** ***** 


RESULTS  OF  MOTOR  TESTS  OF  ADDITIVES  DEVELOPED  BT  THE  INSTITUTE 
OF  PETROCHEMICAL  PROCESSES  OF  THE  ACADEMY  OF  SCIENCES 
OF  THE  AZERBAYDZHAN  SSR  (INKhP  AN  AZERB  SSR) 

FOR  THE  IMPROVEMENT  OP  OPERATIONAL 
PROPERTIES  OF  FUELS  AND  OILS 


T.  Is.  Bashayev 
IIQChP  AN.  Azerb.  SSR 

Additive  SB-3 

Additive  of  the  sulfonate  type  have  a  number  of  essential  advantages  in 
comparison  with  alkyl  phenol  additives  released  in  the  USSR  on  an  industrial  scale. 
They  five  oils  high  washing  properties,  are  dissolved  well  in  them,  and  are 
approximately  3-4  times  cheaper.  Sulfonate  additives  are  wide  spread  in  other 
countries  where  the/  are  applied  both  in  pure  fora  and  in  combination  with  other 
compounds.  Sulfonate  additive  SB-3  was  subjected  to  a  complex  of  motor  tests. 

(hi  the  figure  and  in  Table  1  is  shown  change  of  cashing  properties  of  DS-11 
oil,  obtained  from  Baku  oil,  depending  upon  content  in  it  of  additive  SB-3.  As 
follows  from  their  graph,  this  dependency  has  linear  form. 
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Washing  properties  of  additive 
SB-3  depending  upon  its  concen¬ 
tration  in  oil* 

KEY:  (a)  Washing  properties 
according  to  method  PZV,  points; 
(b)  Concentration  of  additive 
SB-3  in  DS-11  oil  (Baku),  %. 


Table  1*  Results  of  Test  of  Oils  with  Additives  According  to  Method 

PZV,  and  on  UIM-3  Installation 


Tested  sample 

Appraisal,  points 

PZV 

UIM-3 

DS-11  NKZ  +  yf>  tsiatim-339 . 

1.5 

15 

The  same,  Baku  +  10#  SB-3 . 

0—0.5 

9.8 

The  same,  NKZ  +  6 %  BFK-1....* . 

1.0 

8.6 

The  sane,  Baku  ♦  10#  (0.8#  SB-3  ♦  0.2#  BFK-1 ) . 

o 

• 

rH 

1 

if\ 

• 

o 

5.3 

The  same,  Baku  +  10#  (0.8#  SB-3  ♦  0.2#  vnii  np-354 

0.5 

11.4 

The  same,  Baku  +  6#  vnii  np-360 . 

0.5 

9.1 

During  10#  concentration  of  additive  in  oil,  appraisal  by  PZV  is  equal  to 
0  points.  In  connection  with  this,  in  further  tests  was  applied  precisely  such  a 
concentration  of  additive.  It  is  necessary  to  note  that  additive  SB-3  dissolves 
very  w?U  in  oils  in  any  quantity.  As  a  result  of  100-hour  tests  of  Baku  oil 
A 5-10  with  additive  SB-3  on  motor  GAZ-51  (Table  2)  it  was  established  that  in  the 
otor  was  kept  100#  nobility  of  piston  rings,  and  varnish  on  pistons  was  practically 

# 

|  absent.  Wear  turned  out  to  be  the  sans  Magnitude  as  was  attained  during  use  of 
1  effective  additive  axnii-8.  The  sane  results  were  obtained  during  cooperative 
I  teats  of  additives  SB-3  and  tsiatlm-339  in  lubricating  oil  AS-9.5  of  the 
I  Bovokuybyshevsk  factory  (NKZ). 


Table  2.  Results  of  c-hort-Tero  Tests  of  Oils  with  Additives  SB-3 
and  BFK-1  on  Motors  GAZ-51  and  YaAZ-204 


Index  of  appraisal  of  results 
of  test 
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VI 
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4* 
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^4  r-4 
r-4  | 

<AE 

a  aj 

GAZ-51,  100  hour, 
gasoline  A- 70 

YaAZ-204,  140  hour, 
fuel  S  =  1* 

Wear  of  piston  rings,  in  weight 
loss,  milligrams: 

compression . 

10 

7.8 

16.5 

15 

18 8 

153 

167 

125 

oil . . . 

18 

18 

45 

40 

43.6 

22 

58 

40 

Wear  of  piston  rings,  by  change 
of  gap  in  lock,  mk: 

compression . 

— 

— 

— 

32 

151 

225 

92 

72 

oil . 

— 

— 

— 

90 

134 

84 

189 

78 

Wear  of  connecting  rod  bearings. 

69 

milligrams . 

80 

68.6 

75 

40.4 

12.6 

90 

61 

Mobility  of  piston  rings, 

16 

free . 

21 

2 4 

24 

24 

12 

13 

11 

tight . 

3 

0 

0 

0 

3 

2 

5 

0 

burned . 

0 

0 

0 

0 

1 

1 

0 

0 

Total  scale,  g . 

6.2 

5.6 

10.6 

11 

18.821 

14.9 

4 

5 

Including: 

2.6 

2.66 

from  rings  and  grooves . 

None 

0.1 

6 

9 

— 

— 

fr-r  blow-through  openings... 

1 

i 

10 

2.8 

On  the  basis  of  obtained  data  a  decision  was  ma'e  about  carrying  out  prolonged 
interdepartmental  tests  of  additive  SB-3  in  bench  conditions.  Results  of  the 
latter  are  given  in  Table  3* 

Obtained  data  very  convincingly  showed  high  washing  properties  of  additive 
SB-3»  which  ensured  100^  nobility  of  piston  rings  after  600-hours  of  work  of 
GAZ-51  motor  and  insignificant  quantity  of  deposit  of  carbonic  substances  on 
components  of  piston  group  (10  times  less  than  during  application  of  additive 
tslatim-339).  Regarding  war  of  basic  motor  parts,  it  turned  out  to  be  smaller 
than  during  application  f  additives  tsiatia-339,  vnii  np-36C,  and  FKS  . 

m  ** 


Cb  the  basis  of  obtained  results  in  1959-1960  was  prepared  an  experimental 


lot  of  additive  for  carrying  out  operational  tests. 


Table  3*  Results  of  Prolonged  Interdepartmental  Tests  of  Oils  with 
Additives  SB-3  and  BFK-1  on  Motors  CAZ-51  and  faAZ-204 


Index  of  appraisal  of  results 
of  tests 

AS-9.5  *OZ 
♦  yi  tsiatim* 
339 

AS-9.5 
wcz  ♦  ios 
SB-3 

1  OS-11  Bika 

+  yt 

tsiatim-339 

DS-il 

Baku  ♦  5 % 
BFK-1 

CAZ-51*  600  hours, 
gasoline  A-70 

TaAZ-204,  600  hours, 
fuel  S-i* 

Average  wear  of  cylinders,  mk 
Wear  of  piston  rings,  by  loss 
of  weight,  milligrams: 

WBJTfttW- . . _ 

9 

85 

90 

0.15 

0.21 

c 

4 

52 

115 

0.07 

0.16 

| 

2 

34 

22 

oil*. . . . 

260 

325 

Wear  of  ring.**  by  increase  of 
gap  in  lock,  mm: 

...... _ ........ 

0.145 

0.150 

oil . 

Wear  of  crankshaft,  mk: 

connecting  rod  necks . . . 

0 

o 

main  necks... ...... .......... 

* 

k 

* 

2 

0 

o 

Wear  of  bushing,  milligrams 
eofmeetlnr  rod . . 

56 

240 

16 

M 

2 

121 

145 

32 

o 

M<n- . . . 

Nobility  of  piston  rings 

free. . . 

24 

0 

24 

0 

tight . . . . 

burned- - . . . 

0 

o 

o 

Total  e .  e... .............. 

6.3 

0.13 

0 

0.68 

: 

Including: 

Aron  rings  and  grooves.... 
from  blow- through  openings 

6.25 

4.66 

Influence  of  Additive  SB-3  on  Operational  Properties  of  Picsel  Oils 


In  1959  in  WII  HP  there  was  conducted  a  series  of  brief  tests  of  additives 
of  the  sulfonate  type  on  tractor  and  automobile  diesel  engines.  As  a  result  of 
these  tests*  It  mm  established  Hat  on  the  B-35  motor*  «*en  using  additive  SB-3, 
there  is  observed  a  noticeable  lowering  of  wear  of  basic  parts  and  a  decrease  in 
quantity  of  carbonic  deposits  as  compared  to  a  given  application  of  3Sp-ll  oil 


(with  additive  tsiatim-339).  On  two-cycle  diesel  engine  YaAZ-204  also  was  noted 
an  increase  in  mobility  of  rings,  decrease  in  varnish  formation  while  holding  wear 
of  parts  at  the  same  magnitude  as  during  use  of  additive  tsiatia-339.  In  connection 
with  the  fact  that  data  obtained  on  motor  D-J5  cannot  be  widespread  on  other  types 
of  tractor  diesel  engines,  we  considered  it  expedient  to  estimate  the  effec¬ 
tiveness  '*f  additive  SB-3  on  one-cylinder  motor  UIK-3#  representing  a  section  of 
diesel  engine  DT-54.  Oil  was  tested  on  this  installation  in  rigid  temperature 
conditions  (tcoo^  *  135*).  Results  of  test  are  expressed  in  points,  considering 
quantity,  quality,  thickness  and  color  of  deposit  on  piston,  and  also  mobility  of 
piston  rings.  Results  of  test  of  different  additives  are  shown  in  Table  1.  It  is 
necessary  to  consider  in  examining  data  of  the  table  that  oils  without  additives 
on  this  installation  are  estimated  at  35-40  points. 

Prom  the  table  it  follows  that  if  oil  DS-11  JJKZ  with  3%  tsiatim-339  has  an 
appraisal  at  13.3  points,  then  wit Y  addition  of  additive  SB-3  to  the  same  base  oil 
appraisal  is  improved  to  9.8  points.  Additive  vnii  njv360  corresponds  to  an 
appraisal  at  9.1  points. 

Results  of  brief  tests  of  additive  SB-3  on  motor  TaAZ-204,  represented  in 
Table  2,  show  that  or  oils  DS-11  (Baku)  with  additive  SB-3  deposit  in  blow-through 
openings  of  cylinder  cases  turned  out  to  be  3  times  less  than  on  standard 
(DSp-11  flKZ).  Magnitude  of  wear  of  basic  parts  of  motor  and  quantity  of  scale 
turned  out  to  be  either  somewhat  smaller  or  identical  with  standard.  Base  oil 
DS-11,  worked  out  basically  from  oils  obtained  in  trade  "shale  oils,"  to  which 
was  added  additive  SB-3,  by  its  motor  properties  yields  oil  from  sulfur-bearing 
crudes  DS-11  NKZ. 

On  the  basis  of  obtained  data  recoer^ndations  were  made  about  expediency  of 
carrying  out  prolonged  .jnch  tests  of  sulfonate  additive  SB-3  on  diesel  engines 
of  transport  type.  Subsequently,  work  on  test  of  additive  SB-3  was  conducted  in 
the  direction  of  combining  it  with  other  aeditives  to  get  oil  of  not  only  high 
washing  properties,  but  also  increased  stability. 


s»;:> 


Additive  BFK-1 


Za  1959  in  INKhP  Acadeny  of  Sciences  Azerb.  SSR  wan  completed  research  work 
on  additive  BFK-1,  barium  salt  of  a  product  of  condensation  of  alkyl  phenol  by 
formaldehyde,  the  results  of  which  are  given  in  Tables  1-3 • 

Brief  tests  of  additive  BFK-1  on  YaAZ-204  shove ^  its  high  effectiveness  in 
operating  conditions  of  even  such  a  thermally  strong  motor.  Thus,  wear  turned 
out  to  bo  smaller  than  during  work  on  oil  DSp-11  NKZ*  rings  preserved  10056  mobility 
whereas  during  work  on  standard  30£  of  rings  turned  out  to  be  tight. 

During  tests  of  this  additive  on  installation  UIH-3,  complex  appraisal  of  it 
according  to  the  NATI  method  constituted  3*6  points,  i.e.,  better  than  for  SB-3* 

It  is  interesting  to  note  that  such  a  difference  in  appraisal  is  obtained  due  to 
higher  mobility  of  rings.  It  is  possible  to  assume  that  even  an  effective  washing 
additive  not  as  completely  prevents  formation  of  deposit  in  piston  grooves. 

Additive  BFK-1,  as  laboratory  data  showed,  besides  other  functions,  possesses  also 
antioxidant  properties.  It  is  possible  that  this  explains  the  preservation  of 
full  mobility  of  piston  rings  during  work  of  motor  YaAZ-204  on  oils  DS-11  NKZ 
with  additive  BFX-l.  For  a  more  detailed  check  of  operational  properties  of 
additive  BFK-1,  there  were  conducted  prolonged  (600  hour)  bench  tests  on  diesel 
engine  YaAZ-204.  As  a  standard  was  tested  oil  DSp-11  NKZ. 

from  Table  3»  in  which  are  given  results  of  test,  it  follows  that  at 
approximately  equivalent  antiwear  properties  of  standard  and  tested  oils  there  is 
obtained  a  significant  difference  in  mobility  of  piston  rings.  During  use  of 
additive  BFK-1  all  rings,  without  exception,  turned  out  to  be  free,  when  during 
work  on  oil  DSp-11  NKZ  only  50!?  of  rings  kept  their  full  mobility.  It  is  necessary 
to  note  that  during  tests  of  oils  on  motors  YaAZ-204  under  condition*  regulated  by 
method  of  interdepartmental  tests,  preservation  of  full  mobility  of  piston  rings 
during  work  on  high-sulfur  fuel  is  an  extraordinarily  rare  phenomenon  evn  for 


140-hour  tests  using  effective  additives  to  oils.  For  instance,  during  work  of  a 
rotor  on  oil  with  additive  vnii  np-360  there  was  observed  a  partial  scorching  of 
rings  already  after  140-hour  test.  This,  once  igain,  testifies  to  high  operational 
properties  of  additive  BFK-1. 

Study  of  Joint  Rffect  of  Additives  SB-3  and  BflC-1 
on  Operational  Properties  of  Diesel  Oils 

Peculiarities  of  the  effect  of  additives  SB-3  and  BFK-1  (which  included  giving 
to  oil  high  washing  and  antiwear  properties  when  adding  to  it  first  additive  and 
increasing  resistivity  of  oil  to  formation  of  deposit  in  piston  grooves  when 
Introducing  into  it  the  second  additive)  were  used  for  obtaining  oil  possessing 
high  washing  properties  and  heightened  stability.  After  preliminary  experiments 
it  was  established  that  the  optimum  combination  of  additives  SB-3  and  BFK-1  is  a 
mixture  containing  80%  of  the  first  and  20%  of  the  second.  As  can  be  seen  from 
Table  1,  with  this  are  kept  sufficiently  high  washing  properties  (0.5-1  point)  and 
are  obtained  fully  favorable  rebuts  during  tests  of  this  mixture  on  installation 
UIK-3,  estimated  at  only  5.3  points.  Apparently,  such  a  combination  of  additives 
turn  J  out  to  be  correct.  Attempt  to  replace  9FK-1  in  the  mixture  by  additive 
vnii  np- 354  was  a  complete  failure  (appraisal  la. 4  points),  in  spite  of  high 
ws?King  properties  determined  by  PZV  method. 

In  Table  1  for  comparisons  are  given  results  of  test  of  effective  additive 
vnii  np-360. 

At  present  work  on  the  stuly  of  effectiveness  of  the  mixture  of  additives 
SB-3  and  BFK-1  continues. 

Conclusions 

1.  Additives  SB-3  and  BFK-1  are  new  (in  native  practice)  additions,  better, 
to  a  significantly  larger  degree,  than  tsiatlm-339  released  in  industrial  scale, 
the  operational  qualities  of  Baku  and  eastern  oils. 


2.  IQf  of  Additive  SB-3*  Added  to  oil  during  prolonged  tine  of  w>rk  of 
no  tare*  ensures  full  nobility  of  all  piston  rings  and  cleanness  of  parts  of  native 
tractor  diesel  engines  and  carburetor  motors  GAZ-51. 

3 <  Additive  BFK-1  ensures  fully  satisfactory  work  of  strong,  in  theraal 
respect,  diesel  engine  TaAZ-204  during  prolonged  time  without  complications 
connected  with  loss  of  mobility  of  piston  rings  and  during  acceptable  magnitudes 
of  wear  for  given  type  of  motor. 

4*  Considering  the  low  cost  of  additive  SB-3  and  the  presence  of  stabilizing 
effect  in  additive  BFK-l  it  is  expedient  to  apply  them  in  a  mixture  in  a  4:1  ratio 
for  improvement  of  performance  properties  of  diesel  oils. 


EXPERIMENT  IN  USING  OIL  ADDITIVES  FROM  SULFUR-BEARING 
CRUDES  IN  DIESEL  LOCOMOTIVE  DIESEL  ENGINES 

I.  S.  Zelenetskaya 
Tain  KPS* 

In  1957-1959  in  the  TaNII  MPS  there  were  conducted  operational  testa  of 
diesel  locomotive  engines  D50  and  2D100  on  oils  prepared  by  the  Novokuybyshevsk 
factory  from  sulfur-bearing  crudes  with  different  additives. 

I.  Tests  on  D5Q  Motors 

In  D50  motors  were  tested  base  oil  DS-11  and  the  same  oil  with  additive 
taiatim-339  —  DSp-11,  according  to  GOST  8581-57. 

In  the  process  of  tests  it  was  necessary  to  resolve  the  problem  to  investigate 
the  possibility  of  replacing  D-ll  oil,  GOST  5304-54,  used  in  the  D50  motor,  by  oil 
prepared  from  sulfur-bearing  crudes. 

On  base  oil  DS-11  were  tested  eight  diesel  locomotives  TE1  (eight  D50  motors), 
the  pistons  of  whose  motors  were  supplied  with  two  upper  compression  rings  of 
trapezoidal  cross  section. 

On  oil  DSp-11  were  tested  10  two-section  diesel  locomotives  TE2  (20  D50  motors), 
part  of  whose  motors  also  had  piston  rings  of  trapezoidal  cross  section. 


♦All-Union  Scientific  Research  Institute  of  Railroad  Transportation. 


Tasting  run  of  diesel  locomotives  corresponded  to  the  interval  between  tw> 
large  periodic  repairs  and  constituted  approximately  nearly  100  thousand  km. 

fbr  each  series  of  diesel  locomotives  there  were  two  locomotives  working  for 
comparison  on  control  oil  D-ll. 

Experimental  and  control  diesel  locomotives  were  supplied  with  one  diesel 
fuel,  COST  305*42,  with  variable  content  of  sulfur  from  0.10  to  0.7%,  where 
weighted  average  content  of  sulfur  in  fuel,  after  period  of  tests,  constituted 
0.44*. 

During  inspections  of  motors  after  tests  on  oil  DS-11  there  were  revelled 
2.5  times  more  broken  piston  rings  of  trapezoidal  cross  section  as  compared  to 
nunber  of  broken  rings  during  work  of  motor  on  oil  D-ll  and  an  almost  4  times 
larger  quantity  of  burned  remaining  compression  rings. 

Addition  in  this  oil  of  3*  additive  tsiatim-339  (oil  DSp-11,  GOST  8581*57) 
prevented,  to  a  significant  degree, the  breaking  of  piston  rings  of  trapezoidal 
cross  section  in  D50  motors  of  diesel  locomotives  of  series  TE2  and  essentially 
decreased  scorching  of  rings. 

Scorching  of  piston  rings  in  motors  of  diesel  locomotives  TE2,  working  on 
DSp-11  oil,  decreased  approximately  twice  as  compared  to  work  of  motors  on  D-ll  oil 
(ev?”.  during  application  of  rings  of  trapezoidal  eross  section)  and  by  25*  during 
application  of  rings  of  right-angle  .rose  section. 

Therefore,  in  order  to  avoid  scorching  of  first  compression  rings,  it  is 
necessary  not  only  to  select  effective  additives  to  oil,  but  also  to  select 
oom-resslon  rings  of  corresponding  configuration.  Inspection  of  D50  motors  working 
on  base  oil  DS-11  revealed  very  large  scale  deposit  In  body  of  turbosuperchargers, 
leading  sometimes  even  to  wedging  of  hub  of  gas  wheel.  Analysis  of  scales  from 
bedy  of  Mower  showed  that  the  quantity  of  earbons  and  cirbolds  during  application 
of  base  oil  constitutes  84*,  when  during  work  on  DSp-11  oil  it  does  not  exceed  60*. 


The  real  stability  of  oil,  determined  by  K.  K.  Papok ' 8  method,  w«  20  minutes  for 
base  oil  DS-11  and  26  minutes  for  DSp-11. 

Tests  showed  also  that  stability  of  DS-11  oil  without  additives  is  insufficient 
for  use  of  it  in  diesel  locomotive  engine  D50. 

Inserting  results  on  scale  deposit  are  obtained  during  operation  of  diesel 
engine  D50  on  mixtures  of  Baku  and  eastern  oils.  These  mixtures  were  applied  by 
chance.  During  opening  of  motors  working  on  the  mixtures,  it  was  revealed  that 
scale  deposit  and  number  of  burned  piston  rings  was  1.5-2  times  larger  than  during 
work  of  motors  on  each  of  these  oils  separately. 

Set  up  in  the  laboratory  of  the  All-Union  Scientific  Research  Institute, 
experiments  on  oxidation  of  oils  D-ll,  DSp-11  and  their  mixtures  on  lnstnsnent 
DK-2  RAMI  showed  that  viscosity  snd  quantity  of  deposit  not  soluble  in  alkylate 
are  higher  for  mixtures  than  for  individual  oils.  Consequently,  when  mixing  these 
two  oils,  their  stability  is  sharply  lowered. 

Bata  determining  the  wear  of  first  compression  rings  of  a  motor  working  on 
these  oils  showed  that  on  PSjwl  oil  wear  decreases  more  than  twice  and  on  cylinder 
eases  by  25£,  as  compared  to  work  on  D-ll  oil.  Insignificant  decrease  in  wear  of 
compression  rings  also  is  noted,  and  during  w:rk  on  base  oil  DS-11  it  constitutes 
nearly  20%  of  wear  on  D-ll  oil;  as  it  concerns  cylinder  eases,  their  wear  was  in¬ 
creased  almost  by  4 0%.  Possibly  the  cause  Is  the  massive  breaking  of  first 
compression  rings,  observed  during  work  of  motor  on  this  oil. 

In  connection  with  the  unsatisfactory  results  obtained  during  test  of  base 
oil  from  sulfur-bearing  crudes  in  motor  D50,  further  works  on  test  of  this  oil 
were  ceased. 

DSp-11  oil,  DOST  B561-57,  was  reo— semied  for  application  in  diesel  locomotive 
engines  D$0,  with  content  of  sulfur  in  fuel  not  more  than  0.75C. 


II.  Testa  on  2DIOO  Motors 


h  1956-1959  in  the  All-Onion  Scientific  Research  Institute  KPS  there  were 
conducted  operational  tests  of  oil  from  sulfur-bearing  crudes  with  different 
additives  for  the  selection  of  an  additive  ensuring  normal  work  of  a  20100  motor 
on  sulfur-bearing  fuel  containing  up  to  1.036  sulfur. 

Comparative  tests  were  conducted  on  oils  with  the  following  additives:  with 
5Bf  tslatim-339p  (ftilly  replaced  by  barium),  with  3%  asnii-7  and  with  836  vnii  np-360. 

Additive  tsiatlm-339p  was  tested  in  oils  with  viscosity  of  11.0  cs  and  12.5  cs 
at  100*.  D&p-ll  oil  (with  additive  tslati»-339p)  was  tested  with  both  sulfur¬ 
bearing  and  low-sulfur  fuel. 

Qa  each  variant  of  fuel  and  oil  combination  worked  three  diesel  locomotives  TE3 
(6  20100  motors).  As  a  control  (standard)  combination  of  fuel  and  oil  was  taken 

rt 

\  low-sulfktr  fuel  with  content  of  sulfur  from  0.236  and  D-ll  oil,  GOST  5304-54. 

| 

I  Running  of  the  diesel  locomotives  corresponded  to  the  interval  between  two  large 

* 

periodic  repairs,  taken  for  diesel  locomotives  of  a  given  series  (apprordmately 
2500  motor  hours). 

Oils  with  additives  during  operational  tests  were  evaluated  with  respect  to 
washing  properties  (scale  deposit  on  exhaust  and  blow- through  openings  anl  also  in 

f 

]  cooling  channels  of  pistons);  stability  (scorching  of  piston  rings  and  varnish 
formation  on  sldris  of  pistons)  and  antiwear  properties  (by  wear  of  piston  rings, 
cylinder*  and  piston  pins).  Data  on  wear  of  necks  of  crankshaft,  estimated  only 
on  upper  shaft,  did  not  enter  into  the  final  appraisal,  since  on  all  fuels  and  oils 
this  wear  turned  out  to  be  within  Halts  of  accuracy  of  measuring  tool  during 
testing  rum. 

S 

4 

Am  operational  tests  showed,  additive  tslatim-339p  does  not  possess  sufficient 
washing  properties  when  using  it  with  sulfur-bearing  fuel  and  causes  mass  scorching 
of  piston  oil  rings  even  during  work  with  lov- sulfur  fuel.  During  application  of 
additive  t*lati»-339p  to  oil  of  heightened  viscosity  (12.5  cs)  Insufficient  washing 
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properties  of  the  oil  show  to  a  larger  degree  and  the  lumber  of  burned  oil  rings 
noticeably  increases  (from  U5  to  65^  on  lower  pistons).  These  data  are  given  in 
Table  1. 

Horst  results  with  respect  to  washing  properties  and  scorching  of  piston 
rings  were  obtained  on  DSp-11  oil  with  additive  aznii-7,  in  which  scorching  of  oil 
rings  attained  77£  on  upper  pistons  and  6 2%  on  lower. 

Positive  results  were  obtained  during  work  on  oil  with  additive  vnii  np-3oO- 
Results  of  tests  of  this  oil  showed: 

a)  satisfactory  state  of  exhaust  openings,  caking  it  possible  to  preserve 
existing  cleaning  periods  taken  during  application  of  D-ll  oil  with  low-sulfur 
fuel; 

b)  somewhat  increased  quantity  of  deposit  in  blow-through  openings  (Pig.  l); 

e)  complete  removal  of  phenomena  of  scorching  of  oil  rings  (see  Table  l); 

d)  significant  decrease  in  quantity  of  deposit  in  cooling  channels  of  piston 
(Pig.  2). 

During  work  on  oil  with  this  additive  there  was  observed  an  increase  in 
deposit  on  heads,  especially  for  upper  pistons  for  grooves . under  burners  (Fig.  3)« 

Analysis  of  deposit  showed  that  on  60*  i*  consists  of  inorganic  compounds, 
components,  basically  of  elements  of  the  additive. 

Appraisal  of  antiwear  qualities  of  oils  with  tested  additives  on  parts  of 
the  cylinder-piston  group  Is  presented  in  Table  2. 

From  this  table  it  is  clear  that  the  greatest  wear  of  compression  rings  and 
cylinder  cases  on  sul  f\ir -bearing  fuel  is  observed  on  DS-11  oil  with  additive 
tsiatl»-339p,  bowe/er,  during  work  on  oil  of  heightened  viscosity  (12.5  cs)  with 
this  addition  wear  sharply  decreases  and  becomes  equal  to  wear  during  work  on 
standard  fuel  and  oil.  Obviously,  there  was  a  somewhat  greater  durability  of  oil 
film  caused  by  heightened  viscosity  of  base  oil. 
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Table  1.  Scorching  of  Oil  Rings  of  Motors  D50  and  2D100  During 
Work  on  Oils  with  Different  Additives 


Quantity 

of 

notors 

Oil  and  fuel 

Pistons 

Quantity 
of  burned 
rings 

Burned 

rings. 

6 

0U  0-11,  file  1  S  -  0,2% 

Upper 

10 

5.5 

Lower 

25 

13.9 

6 

Oil  DSp-11  Ctaiatis-339;), 

Upper 

51 

28.4 

fbel  S  »  0,2% 

Lower 

99 

55 

6 

Oil  DSp-11  (tsiatin-339p). 

Upper 

66 

36.7 

fuel  s  *  1* 

Lower 

82 

45.5 

4 

Oil  DSp-13  (tsiatis>-339p), 

Upper 

94 

52.2 

fuel  S  *  1* 

Lower 

118 

65.6 

6 

Oil  DSp-11  (asnii-7). 

Upper 

138 

76.6 

fuel  S  ■*  1* 

Lower 

112 

62.2 

6 

Oil  DSp-11  (vnii  np-360). 

Upper 

fuel  S  -  1* 

Lower 

2 

1.1 

Rote.  Percent  of  burned  oil  rings  is  deternlned  by  the  ratio  to  their  total 
Inspected  nunb.r  of  a  corresponding  mmber  of  pistons  and  group  of  fuel  and  oil. 


Decrease  of  wear,  observed  by  us  during  application  of  oil  with  a  viscosity 
of  12.5  cs  at  IOC*,  Bakes  it  possible  to  assists  that  the  11.0  cs  viscosity  of  oil, 
|  selected  in  the  Malyshev  factory  for  diesel  engine  2D10C ,  is  not  optima. 
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Fig.  1.  State  of  blow- through 
openings. 

a)  after  work  on  standard  fuel  and 
oil;  b)  after  sort  on  sulfur- 
beading  fuel  and  oil  with  additive 
vrii  n p-360. 


Fig.  2.  Average  quantity  of 
scale  (in  grans)  in  cooling 
channels  of  upper  pistons  (de¬ 
pending  upon  duration  o#  wort 
of  sic  tor). 

1)  Aiel  S  *  0.2*:  1 )  oil  D-il; 

2)  oil  DSjwll  (tsiatin-339p); 

3)  oil  D5p-ll  (tsiati»-339p); 
II)  fuel,  stal fttr-bearing  S  =» 

-  0.8  —  l.Ofs  4)  oil  Dop-13 
(tsiatlr-339r5;  5)  oil  olp-11 
(atnii-7)i  6;  oil  DSp-11  (vnii 
rp~j6C). 

KdT:  (a)  Duration  of  wort. 


During  application  of  DS-11  oil 
with  additive  tsiati*-339F  on  low-sulfur 
fuel  there  was  obtained  nlnicum  wear, 
significantly  mailer  than  on  standard 
fuel  and  oil,  however,  because  of  ouch 
scorching  of  oil  rings  it  is  icpossible 
to  recommend  this  oil  as  a  full  value 
substitute  for  D-ll  oil  during  wort  of 
2D100  bo  tor  on  low-sul/ur  fuel. 

Croat  wear  of  compression  rings 
was  observed  also  during  application  of 
additive  asnli-7. 


fig.  3*  Upper  piston 
of  diesel  engine  2D100 
with  deposit  on  head 
after  wort  on  oil  with 
additive  vnii  np-360. 


The  least  wear  of  compression 
rings  and  cylinders  of  cases  during 
application  of  sul far-bearing  fuel 
with  DS-11  oil  is  given  by  additive 
vnii  npO^O.  Wear  during  work  with 
this  additive  is  of  the  same  magnitude 


cr»-.  | 

•  1 1  -  * 


as  wear  during  application  of  low-sull\ir  fuel  with  D-ll  oil.  In  connection  with 
satisfactory  results  obtained  during  performance  tests  with  respect  to  washing 
properties  of  the  additive ,  the  complete  liquidation  of  the  phenomenon  of  scorching 
of  oil  rings  and  such  wear  of  motor  parts  as  is  observed  during  work  on  stardard 
fuel  and  oil,  DS-U  oil  with  additive  vnii  np-360  is  recoonended  for  use  in 
diesel  engines  2D100  when  running  them  on  sulfur-bearing  fuel  with  content  of 
sulfur  below  1.0 %• 

It  Is  necessary  to  note  that  during  application  of  fuels  and  oils  from  sulfur- 
bearing  crudes,  wear  of  oil  rings,  especially  for  upper  pistons,  increases  as 
compared  to  wear  observed  during  work  on  low-sulfur  fuel  and  D-ll  oil,  although 
in  absolute  values  it  remains  insignificantly  small  (0.5  g). 

The  greatest  wear  of  oil  rings  for  upper  pistons  was  observed  during  applica¬ 
tion  of  additive  vnii  np-360.  It  is  possible  to  assume  that  this  phenomenon,  as 
also  the  significant  deposit  of  additive  on  upper  pistons,  may  be  somewhat  de- 
creased  by  Introduction  of  intermediate  cleaning  of  blow-through  openings,  which 
will  lower  the  temperature  in  the  region  of  the  upper  piston.  However,  It  is 
necessary  also  to  improve  quality  of  additive  and  oil. 

High  wear  of  oil  rings  and  upper  pistons  is  not  accidental,  since  it.  Just 
as  washing  property  of  the  oil,  is  well  connected  with  the  operational  expenditure 
of  oil  (Table  3)*  Expenditure  of  oil  in  2D100  motor  is  determined  by  two  facto* a: 
carbon  monoxide  and  adding  for  partial  refreshrent. 

Expenditure  of  oil  on  carbon  monoxide  increases  with  increase  in  scorching 
or  wea r  of  oil  rings,  which  becomes  sufficiently  graphic  during  Joint  consideration 
of  data  in  Table  1  (scorching  of  oil  rings}  and  data  in  Table  3  (operational 
expenditures  of  oil).  Increase  of  expenditure  of  oil  on  carbon  monoxide  during 
application  of  additive  vnii  np-360,  in  spite  of  absence  of  scorching  of  oil  rings, 
is  explained  by  their  increased  wear. 


nbl*  2.  Average  Wear  of  Bftslc  n*r*.a  of  2DIS0  Motor  by  Groups  of  Pviel  ana  Oil,  Referred 

10 ^  ton  krt  Gross  Weight  Work  of  Sev^tion  T£~3 


Tabic  3*  Average  Operational  Expenditure  of  Oil  per  1000  kxu  of 
Running,  by  Croups  of  fttel  and  Oil 


Quantity  of 

diesel 

locomotives 

Fuel 

Average  expenditure 
of  oil  in  kg  per 
1000  km  of  run 

Oil 

in  partial 
refresh¬ 
ment 

in  carboi 
monoxide 

2 

Low- sulfur  S  **  0.23? 

D-ll,  GOST  5304-54 

20.6 

23.5 

3 

S»u fur-bearing  S  *  0.8  to  1.03? 

DSp-11  Tsiatim-339p 

26.2 

27.2 

3 

Sulfur-bearing  S  =  0,8  to  1.6% 

DSp-13  Tsiatim-339p 

15.1 

41.5 

3 

Sulfur-bearing  S  **  0.8  to  1.03? 

DSp-11  Axnii-7 

4 .06 

69.6 

3 

Sulfur-bearing  S  *  0.8  to  1.03? 

DSp-11  Vnii  np-360 

26.2 

34.7 

Expenditure  of  oil  on  its  partial  refreshment  is  caused  by  defects  inherent 
in  a  given  motor  —  dilution  of  oil  by  fuel  on  idling  and  small  loads.  This 
expenditure,  to  a  significant  degree,  is  determined  by  scale  deposit  on  blow- 
through  and  exhaust  openings. 

Therefore,  in  those  cases  when  scale  formation  on  exhaust  and  blow-through 
openings  was  increased,  blow-through  of  motor  worsened,  which  caused  increase  of 
temperature  and  increase  of  pressure  in  cylinders  promoting  best  evaporation  of 
fuel. 

During  wide  operational  check  c  m  oil  with  additive  vnii  np-360,  in  the  process 
of  which  maintenance  measures  are  possible,  (cleaning  of  blow-through  openings  and 
others),  it  will  be  possible  to  decrease  loss  of  additive  on  heads  of  upper  pistons 
and  increased  wear  of  oil  rings. 


Conclusions 


1.  Ckx  the  basis  of  tests  conducted,  OS-11  oil  with  83?  additive  vnii  np-360 
is  recoamended  "or  application  jointly  with  diesel  fuel,  containing  up  to  1.03? 
sulfur  in  diesel  locomotive  engines  20100. 
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2.  Additive  t«iati»-339p  and  aznii-7  do  not  ensure  normal  work  of  diesel 
engines  2D100  on  sulfur-bearing  fuel  with  content  of  sulfur  0.8  to  1»0%  basically 
due  to  increased  scale  deposit  and  scorching  of  oil  rings.  Wear,  obtained  during 
work  on  oils  with  these  additives,  also  is  higher  than  on  standard  fuel  and  oil. 

3«  It  is  necessary  to  intensify  work  on  creation  of  effective  oil  additives 
which  give  the  possibility  of  working  with  sulfur-bearing  fuel  without  shortening 
the  period  of  service  of  a  diesel  engine  with  sufficient  duration  of  periods  of 


THE  EFFECT  OP  MOTOR  OIL  ADDITIVES  ON  PITTING  (POINT 
BREAKING-OFF)  OF  HYDRAULIC  LIFTERS 

O.  S.  Obleukhov,  V.  V.  Protasov,  and  R.  A.  Trubinskaya 
Moscow  Automobile  Plant  Named  after  I.  A.  Likhachev 

Contemporary  motors  are  characterized  by  high  thermal  intensity:  with  Increase 
of  temperature  of  combustion  in  automobile  motor  from  1500  to  2000*  temperature 
was  increased  in  the  lower  part  of  the  piston  bottom  and  the  oil  washing  it. 

Although  for  motor  ZIL-120  temperature  of  bottom  of  piston  is  240*,  for  motor 
ZII^lll  it  attains  300*. 

In  conditions  of  such  rigid  thermal  conditions  intensity  of  oxidation  and 
polymerization  of  oil  increases,  which  causes  formation  of  carbon  deposit  in  some 
of  piston  rings  and  other  motor  parts. 

Intensity  of  processes  of  oxidation  and  contamination  of  oil  increases  also 
because  of  increased  breakthrough  of  gases  to  crankcase,  since  construction  and 
effectiveness  of  system  of  crankcase  ventilation  in  both  domestic  and  foreign 
v>tors  is  practically  unchanged. 

Thus,  according  to  Larsen,  magnitude  of  breakthrough  of  gases  for  motors  of 
models  1950  and  1957  has  increased  approximately  60JC. 

In  Table  1  are  given  data  on  breakthrough  of  gases  to  crankcase  of  ZIL-110 
and  ZIL-111  motors,  from  which  it  is  clear  that  breakthrough  of  gases  in  ZIL-111 
motor  is  increased  70£. 

i  O 


Table  » 


Breakthrough  of  gases  (1/min)  to 
crankcase  of  motors  at  rpn 

>b  tor 

* 

2000 

2500 

3000 

3500 

zn^iio 

53 

27 

27 

27 

ZIL-111 

37 

42 

46 

47 

Increase  In  degree  of  compression  of  motors  and,  combined  with  this,  increase 
in  average  effective  pressure  increased  the  load  on  bearings,  which  made  it 
necessary  to  use  new  bearing  materials,  including  plumbous  babbit,  possessing 
smaller  resistivity  to  corroslonal  influence  of  oil  as  compared  to  babbit  on  a 
stannous  basis.  Lubricating  oil  in  these  conditions  should  possess  necessary 
anticorrosive  properties. 

Increase  of  capacity  and  rpm  of  motors  increased  not  only  degree  of  their 
compression,  but  also  increased  loading  coefficient.  This  in  turn  caused  increase 
in  tightening  force  of  valve  springs  and  sharp  increase  in  inertial  force  of  parts 
of  valve  mechanism.  Thus,  tightening  force  of  the  springs  constitutes  for  motor 
ZIL-110  50  kg  and  for  ZIL-111  85 — 90  kilograms.  Such  a  force  promotes  sharp  in¬ 
crease  of  contact  stresses  of  cam-lifter  pair,  especially  during  work  at  little  rpm. 

High  loads  on  parts  of  the  gas-distributor  mechanism,  in  particular  on  the 
cam-lifter  pair,  especially  during  work  at  little  rpn,  cause  their  intensive  wear. 

Besides  the  general  uniform  wear  of  these  parts,  there  is  observed  cata¬ 
strophic  wear  —  breaking-off  (pitting)  —  of  lifters  and  cams. 

Breaking-off  is  the  most  threatening  form  of  wear  since  it  rapidly  puts  the 
cm  .lifter  pair  out  of  service. 

This  form  of  wear  is  met  during  test  of  additives  tsiatlm-339  and  IP-22k  on 
motors  ZIL-110  after  running  them  25,000  km,  and  on  new  high-revolution  V-form 
motors  with  hydraulic  lifters. 
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Pitting  is  a  regular  phenomenon  during  work  on  a  new  no  tor,  since  with  this 
the  working  conditions  of  the  gas-distributor  mechanism  sharply  worsen.  Works  on 
the  investigation  and  removal  of  pitting  have  been  conducted  since  1959. 

It  is  necessary  to  note  that  in  the  United  States  during  transition  to 
contemporary  V-fom  motors  with  hydraulic  litters,  pitting  of  lifters  and  cams 
became  a  mass  phenomenon. 

In  1953  *  1954  were  started  research  work*  in  this  region. 

Pitting  on  working  surface  of  lifters  appears  due  to  fatigue  of  contact 
surface  of  lifter  as  a  result  of  cyclically  repeated  load. 

Cracks  forming  in  contact  surface  are  disposed  approximately  in  parallel  to 
surface  of  lifter  in  loaded  state. 

I  Wear  and  destruction  of  surface  of  lifter  are  insignificant  until  there  sets 

j 

i  in  the  phenomenon  of  metal  fatigue,  after  which  wear  of  lifter  surface  is  increased, 

I  then  pitting  sets  in  (point  breaking-off)  and  after  that  fast  wear  of  cam. 

I 

If  particles  of  metal  are  removed  from  surface  layer  as  a  result  of  wear 
before  they  attain  fatigue  limit,  then  pitttr-: .  obviously,  will  not  occur. 

Application  of  oils  possessing  good  antiwear  properties  prevents  appearance 

i 

,  of  pitting. 

i 

Consequently,  in  order  to  remove  pitting,  it  is  necessary,  first,  to  select 
j  oil  preventing  excessive  wear  of  de-ails,  secondly,  to  select  corresponding 
material  of  lifter  and  cam  shaft. 

Thus,  for  instance,  if  cam  shaft  is  of  steel,  and  lifters  from  bleached  east 
iron,  then  this  pair  will  be  very  sensitive  to  quality  of  oil. 

If,  however,  earn  shaft  is  of  cast-iron  heated  to  red-hot,  and  lifter  is 
prepared  from  bleached  cast  iron,  then  such  a  pair  will  oe  Isas  sensitive  to 
quality  of  oil. 

i  Third,  it  is  necessary  to  facilitate  construction  of  gas-distributor  mechanism. 

This  will  lower  inertial  forces  and,  consequently,  decrease  contact  stresses 
I  provoking  pitting. 


Jtoerican  researchers  have  established  and  our  experiments  confirmed  that  the 
phenomenon  of  lifter  pitting  during  work  on  oils  without  additives  is  not  observed 
but  wear  increases* 

faly  during  introduction  into  oil  of  washing,  thickening  and  other  additives, 
the  phenomenon  of  lifter  pitting  very  rapidly  appears.  Therefore,  it  is  necessary 
to  replace  mechanism  of  gas  distribution  (lifters,  can  shafts)  In  certain  cases 
after  running  an  automobile  1.5— 3.0  thousand  km. 

Consequently,  requirements  for  quality  additives  ensuring  anticorrosive, 
antioxidant,  washing*  thickening  and  antiwear  properties  of  oils,  are  increased. 

I.  Selection  and  Test  of  Oil  Additives  Removing  Fitting  of  Lifters 

for  investigation  of  the  influence  of  aotor  oil  additives  on  pitting  of 
hydraulic  lifters  24-  and  50-hour  tests  were  conducted. 

Conditions  for  the  24-  and  50-hour  tests  were  selected  on  the  basis  of  works 
on  the  study  of  wear  of  the  distributive  aechanisa,  conducted  in  the  United  States 
where  these  conditions  were  selected  for  lifters  from  bleached  cast  iron  and  steel 
forged  cam  shaft. 

Tests  in  the  United  States  were  conduct® 1  at  constant  3150  rpm  and  30  hp. 

force  of  valve  springs  constituted  75  and  110  kilograms. 

To  Increase  rigidity  of  conditions  of  teats  there  was  introduced  lower  and 
variable  revolutions  of  motor  (since  low  and  average  revolutions  to  a  larger 
degree,  promote  fbroatlon  of  pitting  and  wear).  Kotor  was  equipped  with  valve 
springs  with  a  force  of  75  and  130  kilograms. 

Oaring  selection  of  oil  additives  the  following  requirements  for  oil  quality 
were  taken:  a)  corrosion,  according  to  method  DK-2,  not  more  than  5  g/s2j  b) 
washing  properties,  acoording  to  method  PZV,  within  limits  of  1-2  points. 


The  following  oils  and  additives  were  tested. 

1.  Industrial  50  and  DS-8  of  the  Novokuybyshevsk  factory  (without  additives). 

2.  DS-8  oil  with'  alkylphenol  additives  tsiatlm-339  and  vnii  np-371. 

3.  DS-8  oil  with  additives  containing  alkylphenol  and  a  phosphorous  component 
vnii  np-360  and  IP-22. 

4.  DS-8  oil  with  sulfonate  additives  PMS_,. 

7* 

5*  DS-8  oil  in  mixture  with  dialkyldithiophosphates  of  barium  and  zinc 
(DP-1  and  DP-5). 

6.  (fixtures  of  barius  sulfonate  (high-ash  sulfonate  AzNII)  or  an  alkylphenol 
component  (vnii  np>-350)  with  dialkyldithiophosphates  9,  DF-10,  DP-11 )  with  DS-8 
oil. 

7.  Mixture  of  low-ash  barium  sulfonate  (washing  component  aznii-5)  or  SB-3 
in  combination  with  DP-11. 

8.  Imported  oils  of  the  firms  "Shell ,"  "Esso,"  "Wakefield"  and  "Raven." 

During  tests  of  enumerated  oils  and  additives  it  was  seen  that  additives 

DP-1,  FMSya,  vnii  np>-371  in  mixtures  with  aznii-tsiatim-1,  vnii  np-360  (taken  in 
different  concentrations  —  3.5  and  7,0*)  and  oil  of  the  firms  "Shell"  and  "Esso," 
with  respect  to  pitting  of  lifters,  gave  is  factory  results  (Pig.  l).  Good 

results,  with  respect  to  stats  of  lifters,  are  obtained  only  on  oils  Castrol 
SOB-30  and  CR-30  HD  of  the  firm  "Wakefield"  (Pig.  2). 

Additive  PMSya,  presenting  calcium  sulfonate  (content  of  calciua  2.5%), 
causes  very  deep  pitting  of  lifters  (to  62%  of  lifters). 

It  is  interesting  to  note  that  additive  vnii  np-360,  containing  in  concen¬ 
tration  7%  dithiophosphate  of  zinc,  did  not  give  positive  results  on  removal  of 
pitting,  although  content  of  barium,  zinc,  and  phosphorus  in  oil  was  the  same 
os  in  oil  SA£-30  Castrol. 

This  indicates  that  organic  components  entering  into  the  composition  of 


additives  are  different. 


To  determine  direction  of  further  research  an  experiment  was  conducted  on 
improvement  of  antiwear  properties  of  BS-8  oil  containing  3.5%  additive  DF-1, 

toy  introducing  0.5 %  amtiwear  additive  khloref-40  (ether  trichlorcMoethaphosphiiiic  • 

\  . 

|  acid),  developed  at  the  Institute  of  Oil-Chemical  Synthesis  of  the  Academy  of 

j  Sciences  of  the  USSR. 

I 

1  After  test  of  this  sample  of  oil,  pitting  was  revealed  on  one  lifter  out  of 

\  16  (6.6%)s  average  and  maximum  wear  of  lifters  constituted  0.018  and  O.030  m; 

*  wear  of  earns  was,  respectively,  0.042  xxn  and  0.08  m. 

* 

A 

I  However,  this  sample  of  oil  turned  out  to  be  extraordinarily  corrosive; 

|  during  the  test  on  the  DK-2  instrument  its  corrosiveness  constituted  29-3  g/m 

i  2 

f  for  10  hours  and  76.6  g/a  after  20  hours.  Washing  properties  turned  out  to  be 

i 

I  also  unsatisfactory  —  4  to  4.5  points. 

The  obtained  results  of  tests  showed  the  expediency  of  introduction  into  oil 

'  of  antiwear  additives. 

farther  work  was  directed  toward  search  for  additives  of  the  dlthlophosphates 
of  sine  type. 

XI.  Selection  and  Teats  of  Additives  Containing 
Dlalkyldlthiorhosphate  of  Zinc 

Properties  of  dialkyldithlophosphates  of  sine  and,  in  particular,  influence 
of  them  or  operational  properties  of  oils  depend  on  the  magnitude  and  structure 
of  the  hydrocarbon  radical. 

Thus,  for  instance,  additive  DP-1,  synthesised  on  a  basis  of  high-molecular 
alcohols,  besides  antioxidant  and  anticorrosive  properties,  possesses  high 
depression^.  properties  —  lowers  temperature  of  thlckenir*  of  oil  from  -15  to  -36*. 

;  Additives  prepared  on  a  teals  of  low-molecular  alcohols  do  not  possess  depressor 
properties. 

As  Larsen  shows,  during  application  of  dialkyldithlophosphates  of  sine  as 

! 

!  antiwear  additives,  their  antiwear  effect  is  increanes  with  a  decrease  in 
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molecular  weight  of  con  pound,  i.e.,  with  decrease  in  magnitude  of  radical. 

Tests  of  additives  of  the  dithiophosphate  of  zinc  type  began  from  a  check  of 
additive  OF-  5.  DF-5  is  a  $0%  solution  in  oil  of  a  mixture  of  dialkyldithiophosphates 
of  zinc,  obtained  on  a  basis  of  technical  high-molecular  alcohols  —  C^. 

DF-5  was  tested  in  mixture  with  different  washing  components,  and  also  in 
mixture  with  DF-1,  taken  In  different  qualitative  relationships. 

As  results  of  tests  showed,  additive  DF-5  possesses  unsatisfactory  antiwear 
properties.  Fitting  of  lifters  constitutes  75  —  100 1,  during  a  130  kilogram 
force  of  valve  springs. 

Subsequently  tested  were  the  following  dialkyldithiophosphates  of  zinc, 
synthesized  on  different  alcohols:  DF-8  on  a  basis  of  secondary  M-oetyl  alcohol; 

DF-9  on  a  basis  of  primary  isooctyl  alcohol;  DP-10  in  a  mixture  of  isobutyl  and 
secondary  octyl  alcohols,  taken  in  equlaolecular  ratio;  DF-11  in  a  mixture  of 
isobutyl  and  primary  octyl  alcohols,  taken  in  equinolecular  ratio. 

All  DP  additives  were  solution  of  an  active  component  (dlalkyldlthiophophaste 
of  zinc)  in  light  oil  (spindle  AU)  in  1:1  ratio. 

As  washing  components,  as  in  the  first  stage  of  tests,  were  used:  high-ash 
sulfonate  AxNTT  (it)  and  component  vnii  np-35^  (l.5<). 

Quantity  of  washing  component  was  reduced  2  times  in  connection  with  the  fact 
that  washing  properties  of  these  compositions  with  additives  DP-9  and  DP-11  were 
satisfactory  (l  —1.5  point). 

An  exception  is  CP-10,  which,  during  test  on  FZV,  caused  great  varnish 
formation  —  5  points. 

Concentration  of  washing  component  was  lowered  also  due  to  the  faet  that 
high-ash  sulfonate  has  bad  solubility  in  oil. 

As  a  result  of  24-hour  tests  it  was  established  that  additives  DP-9,  DP-10, 
sad  DP-11  give  satisfactory  results  with  respect  to  protection  of  lifters  from 
pitting. 


Additive  DP-2  caused  a  sharp  Increase  in  pitting  of  lifters  (88%). 

■Merer  during  no  re  prolonged  tests  (to  50  hours)  additive  DP-9  also  gave  an 
musatlnflactory  result  (pitting  of  lifters  constituted  77%). 

Additive  DP-10,  during  30-hour  tests,  gave  best  results  with  respect  to 

m 

pitting,  however  it  sharply  worsened  (to  5  points)  washing  properties  on  PZV  scale. 

Additive  DP-U  after  50  hours  of  tests  gave  good  results  both  with  respect  to 
pitting  and  washing  properties  (Fig.  3). 

Consequently,  In  all  tests  best  results  are  obtained  in  a  triple  mixture  of 
additives  with  DP-1  J  However,  to  recoonend  such  a  mixture  for  manufacture  of  an 

Industrial  batch  of  additive,  at  present,  is  not  possible,  until  solubility  of 
high-sab  sulfonate  Alas  improved. 

Ia  connection  with  this,  for  further  tests,  was  taken  a  low-ash  sulfonate. of 
azNII,  tdiich  has  somewhat  better  solubility  and  at  present  is  produced  on  an 
industrial  scale  (since  there  is  a  washing  component  of  additive  asnii-5),  and  also 
sulfonate  SB-3. 

The  tested  experimental  types  consisted  of  Jt  low-ash  sulfonate  AzNIT ,  2% 

DP-11  and  l&  S&-3  with  2%  DF-11. 

Test  of  these  simples  after  50  hours  gave  satisfactory  results  with  respect 
to  it  ting  of  lifters  and  good  results  with  respect  to  washing  properties  (0.5  to 
1  point). 

It  is  necessary  to  note  that  development  types  of  oils  prepared  with  low-ash 
wlfcrut*  As  MIT  and  with  SB-3  in  a  mixture  with  2%  hF-1 1 ,  with  respect  to  state  of 
surface  and  wear  of  lifters,  are  on  a  level  with  imported  oils  Castrol  SAE-30  HD 
and  Ct-30  of  the  firm  "Wakefield"  (see  Figs.  2  and  4). 

Samples  of  oils  possess  good  anticorrosive  and  washing  properties. 

Prolonged  600-hour  tests  of  OS-8  oil  (with  3*  low-^sh  sulfonate  and  2%  DF-11) 
•hd  SB-3  (with  DF-11 )  on  rotor  ZIL-375  gave  good  antiwear  and  other  operational 
properties  of  oils. 

■amlc  results  of  above-mentioned  tests  are  represented  ia  Table  2. 


Table  2 
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24 
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Conclusions 


1.  Pitting  of  lifters  free  bleached  cast  iron,  working  in  a  pair  with  a 
steel  can  shaft,  to  a  larger  degree  depends  on  quality  of  applied  oil.  This  is 
explained  by  the  fact  that  washing  components  of  additives  promote  appearance  of 
corrosional  fatigue  of  metal. 

2.  The  most  effective  additive,  preventing  pitting  of  lifters,  is  DP-11  — 
dithiophosphate  of  zinc,  prepared  on  a  basis  of  primary  octyl  alcohol  (2-ethylhexyl ) 
in  a  mixture  with  isobutyl  alcohol  (Institute  of  Oil-Chemical  Synthesis  of  the 
Academy  of  Sciences  of  the  USSR).  This  additive  is  introduced  into  oil  in  a 
quantity  of  2*,  calculating  the  content  of  zinc  and  phosphorus  in  oil  at  nearly 
0.1*. 

3.  For  obtaining  satisfactory  washing  properties  in  oil  it  is  necessary  to 
introduce  sulfonate  or  alkyl phenol  additives. 

Satisfactory  qualities  of  oil  all  over  the  complex  of  requirements  (washing, 
antiwear,  and  anticorrosive  pro  ;-"ties)  are  obtained  with  the  following  compositions 
of  additives:  a)  3*  low-ash  sulfonate  Aztfll  with  2*  DP-11;  b)  3%  sulfonate 
additive  SB-3  with  2*  DP-11. 

4.  The  selected  method  of  24-  and  50-hour  tests  on  a  motor  makes  it  possible 
to  choose  best  samples  of  additives,  preventing  the  pitting  of  lifters  and  to  obtain 
comparative  appraisal  of  quality  of  metal  applied  for  manufacture  of  lifters. 


m*-*' 
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METHOD  AND  RESULTS  OF  STAND  TESTS  OF  TRANSMISSION 
OILS  WITH  DIFFERENT  ADDITIVES 


0.  S.  Obleukhov,  E.  N.  Devyatkin,  and  A.  V.  Berenfel’d 
Moscow  Automobile  Plant  Named  after  I.  A.  Likhachev 

m 

For  the  satisfactory  work  of  transmissions  of  automobiles  lubricating  oils 
bars  to  respond  to  the  following  basic  requirements: 

1)  possess  good  antiwear  and  antiburr  properties,  ensuring  reliable  and 
long-lasting  work  of  gears  and  bearings; 

2)  have  good  viscosity-temperature  properties  corresponding  to  operating 
conditions  of  the  transmission:  sufficiently  low  temperature  of  thickening  which 
corresponds  to  the  climatic  conditions  of  the  region  of  operation;  during  starting 
and  vc.k  to  have  viscosity  ensuring  maximum  power  losses; 

3)  stable  during  work  and  storage; 

4)  not  cause  corrosion  of  parts; 

5)  not  cause  foam  formation  during  work  in  aggregates. 

Mineral  oils  rot  containing  special  antiwear,  antiburr  and  other  additives 
;  cj  not  satlsQr  these  requirements. 

Active ar  properties  of  oils  with  additives  can  be  correctly  estimated  only 

I 

J 

j  when  testing  them  in  real  aggregates  of  the  transmission  since  existing  methods  of 

I  laboratory  tests  of  oils  on  different  machines  of  friction  do  not  reproduce  real 

$ 

|  operating  conditions  of  oils  with  respeet  to  loads,  temperatures,  and  speeds  of 

;  t 

•lip. 
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Table  1.  Conditions  of  Bench  Tests 
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II 

V 
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10 
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— 

15 
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— 

— 

n 
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12 

600 

-28 

60 

2.0 

-1320 

II 

13 

600 

— 

120 

1.0 

— 
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Note.  During  test,  temperature  of  oil  in  crankcase,  with  the  help  of  water 
cooling,  was  maintained  within  limits  of  8C-85#. 


Fbr  operational  tests  of  oils  are  required  prolonged  runs  of  several 
automobiles  in  identical  road  conditions. 

the  Method ,  developed  at  ZIL,  of  testing  transmission  oils  in  the  main 
transmission  of  a  truck  with  apirally-conical  gears  on  a  stand  with  power  closed 
contour  makes  it  possible  to  evaluate  transmission  oils  with  respect  to  antiwear , 
antiburr,  anticorrosive,  anti-foaming  properties  and  stability  for  a  relatively 
small  period  of  time  —  13  hours. 

Oil  was  tested  in  conditions  anticipating  speed  and  loads  corresponding  to 
operating  conditions  of  the  main  transmission  of  an  automobile  at  different  speeds, 
when  the  transmission  of  all  the  torque  of  the  motor  is  to  one  drive  axle,  where 
each  stage  of  tests  on  wear  was  preceded  by  a  stage  of  rolling. 

Selected  conditions  of  bench  tests,  given  in  Table  1,  were  developed  and 
tested  in  1953  and  gave  positive  results  during  test  of  experimental  transmission 
oils  with  additive  EZ-5,  subsequently  standardised. 

Each  oil  was  tested  on  two- three  pairs  of  new  (without  coppering)  spirally- 
conical  gears  of  the  main  transmission  of  an  automobile.  All  gears  are  consecutively 
established  in  the  same  crankcase  of  the  rear  axle.  Before  installation  of  each 
pair  of  gears  the  crankcase  of  the  axle  is  thoroughly  washed. 

Installation  in  crankcase  of  axle  and  adjustment  of  gears  of  main  transmission 
was  done  in  accordance  with  technical  requirements  on  assembly  and  adjustment  of 
drive  axles  of  automobile. 

After  installation  of  gears  in  crankcase  of  gear  was  additionally  washed 
with  light  industrial  oil.  Then  into  the  crankcase  was  poured  test  oil  on  level 
and  it  was  tested  on  selected  conditions. 

(Ml  was  evaluated  according  to  the  following  indices: 

1)  state  of  operatic  surfaces  of  teeth  of  gears  ~fter  test; 

2)  wear  of  teeth  of  pinion  and  ring  gears  (fig.  l),  measured  by  special 
method  developed  at  ZIL; 
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3)  change  of  side  play  in  engagement; 

4)  quantity  of  iron  removed  from  friction  surfaces  after  period  of  test; 

5)  change  of  physical  chemistry  properties  of  oils,  presence  of  deposits 
and  sediment; 

6)  presence  of  corrosion  on  parts. 

By  the  above-indicated  conditions  and  method,  on  a  stand  were  tested  the 
following  samples  of  oils: 

a)  prepared  on  a  base  of  transmission  motor  and  tractor  oil  (nigrol  cylinder 
oil)  with  additives:  EZ-5  and  LZ-6/9,  and  also  transmission  motor  and  tractor 
simmer  oil  (nigrol  cylinder  oil); 

b)  prepared  on  a  base  of  extracts  of  eastern  sulfur-bearing  crudes  with 
additives:  £F0  (2  variants),  aznii-7  (2  variants),  L2-6/9; 

c)  prepared  on  a  base  of  oils  of  selective  purification  with  additives: 
khloref-40,  molybdenum  blue  and  LZ-V9,  chloroparafin  and  LZ-6/9,  ph^sphorus- 
chlorine- sulphurised  spent  whale  fat,  concentrate  of  sulphurised  terpene  with 
octochlcrocyclopenta. 


.-i  * 

I 

Fig.  1.  Measuring  diagram  fcr 
appraising  wear  of  teeth, 
sa)  line  of  profiic  of  standard 
tooth;  bb  and  cc)  probable  devia¬ 
tions  from  standard  line  of  profile 
of  gear  tooth  before  test;  bob) 
profile  of  tooth  after  test;  d) 
magnitude  of  wear  in  ae. 


Development  types  of  additives 
were  developed  and  prepared  by  the 
following  scientific  research  institutes 
and  factories: 

1)  additive  LZ-6/9  —  Leningrad 
oil  refining  factory  named  after 
Shatmyan ; 

2)  additive  khloref-40  —  Chemistry 
Laboratory  of  the  Institute  of  Oil- 
Chemical  Synthesis  of  the  Academy  of 
Sciences  of  the  U^SR; 


3)  additive  of  molybdenum  blue  —  Laboratory  of  the  All-Union  Scientific 
Research  Institute  of  the  Petroleum  Industry; 

4)  additive  aznii-9  —  Azerbaidzhan  Scientific  Research  Institute  (INKP 
Academy  of  Sciences  Azerb.  SSR); 

5)  additive  phosphorus-chlorine-sulphurized  sperm  whale  fat,  concentrate  of 
sulphurized  terpene  with  octochlorocyclopenta  —  experimental  workshop  of  the 
"Neftegaz"  factory. 

Selection  of  base  oils  and  additives  and  the  preliminary  elimination 
laboratory  tests  of  development  types  of  them,  besides  the  samples  of  oils  of  the 
"Neftegaz,"  factory  were  produced  by  a  laboratory  of  VNII  WP. 

Results  of  compa rat ive*.  tests  of  samples  of  transmission  oils  on  the  stand 
are  given  in  Table  2  and  in  Fig.  2. 

Pros  data  of  these  tables  can  be  made  the  following  conclusions. 

1)  Samples  of  experimental  oils  with  sulfaric  additive  LZ-6/9  in  antiwear 
properties  somewhat  exceed  oil  with  additive  EZ-5  and  are  significantly  better 
than  transmission  motor  and  tractor  oil.  Both  residual  oils  and  oils  of  selective 
purification  with  additive  LZ-6/9  give  identical  results  with  respect  to  wear  of 
teeth  of  gears. 

2)  Development  type  of  oil  with  additive  khloref-40  showed  high  antiwear 
properties.  Of  all  tested  earlier,  xperimental  and  eoemodity  oils  with  other 
additives,  ado  it  ive  khloref-40  gave  best  results. 

3)  Development  type  of  oil  with  additives  of  molybdenum  blue  and  IZ-6/9 

(I  variant)  also  showed  high  antiwear  properties,  but  due  to  sharp  specific  odor 
was  removed  from  tests.  II  variant  of  this  oil,  containing  additive  of  molybdenum 
blue,  prepared  on  other  alcohols,  also  showed  high  antiw  ar  properties.  However, 
oil  did  not  possess  sufficient  stability  due  to  loss  of  additive  of  molybdenum 
blue  in  deposit. 

4)  Developsient  tyr**  of  oil  with  additives  of  chloroparafln,  LZ-6/9  and 

;  : 
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Tkbl«  2.  Results  of  Tests  of  Trensadsalon  Oils  with  Different  Addltivea 
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t  phenyl-a-naphthyl  amine ,  in  antinrear  properties,  is  worse  than  oil  TAp-15  with 
additive  LZ-6/9  and  approximately  corresponds  to  oil  TAp-1 5  with  additive  EZ-5* 

5)  Development  type  of  oil,  prepared  on  base  of  extracts,  eastern  sulfur- 
bearing  crudes  with  suitor-phosphorous  additive  EFO  (l  variant)  had  satisfactory 
antiwear  properties,  however,  oil  was  unstable  due  to  loss  of  additive.  Variant 
II  of  this  oil,  with  modified  technique  of  manufacture  of  additive,  showed 
significant  impairment  of  antiwear  properties  and  state  of  working  surfaces  of 
teeth. 

6)  Samples  of  experimental  oils  with  additive  aznii-9  (I  and  II  variants) 

I  in  antiwear  properties  were  on  the  level  of  oil  TAp-15  with  additive  EZ-5.  However, 
during  test  of  oil  of  variant  I,  working  surface  of  teeth  of  pinion  gears  had 

|  unsatisfactory  state  (burrs,  chipping  off).  Variant  II  of  oil  caused  corrosion  of 

* 

i 

|  reductor  parts  and  working  surface  of  teeth  had  burrs  and  coarse  furrows. 

|  Results  of  tests  of  oils  with  additives  EFO  and  aznii-9  show  that  this 

« 

t  method  of  bench  tests  of  oils  is  sufficiently  sensitive  to  a  change  in  manufacturing 

* 

|  technique  of  additives. 

Tests  of  the  remaining  experimental  oils  made  it  possible  to  reveal  the 
following . 

‘'ample  of  oil  with  an  additive  of  phosphorus-chlorine-sulphurized  sperm 
whele  fat  caused  corrosion  of  reduc  .r  parts  and  had  an  inclination  toward  oxl- 
dising  polymerization. 

rumple  of  oil  with  additives  of  concentrate  of  sulphurised  terpene, 
cctc-hlorocyclopenta  and  IR--8  caused  strong  corrosion  of  reductor  parts,  was 
narked  also  by  destruction  of  working  surfaces  of  teeth  of  pinion  gears. 

I*  is  necessary  to  no+e  that  during  test  of  all  the-e  oils  foaming  was  not 
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observed. 


2.  Union  pcirs  of  main 
transmission  of  an  autonobile  after 
13  hour  stand  tests  of  samples  of 
transmission  oils. 

a)  oil,  transmission,  rotor  ird 
traetor,  strsn**r  (ni*rol  cylinder  oil); 

b)  oil,  TAp-15  with  additive  I.2-6/9; 

c)  oil,  selective  frcr  sulfur-bearing 
crudes  (f.’KZ)  with  additive  khloref-40. 


Conclusions 

Bench  tests,  developed  on  the  7.IL  method,  of  transmission  oils  mak<»  it  possible 
to  evaluate  oil  in  antiwear,  antiburr,  and  anticorrosive  properties,  and  also 
stability  and  foam  characteristic 

These  tests  make  it  possible  to  recorcervt  for  production  and  application 
Tkp-15  oil  witti  additives  £2-5  and  LZ-V9,  *o  recoonend  for  further  research  and 
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tests  on  long-terr  oils  additives  khlo ref-40  and  Boljbdema  blue  with  LZ-6/9, 
and  also  to  reveal  deficiencies  of  other  tested  additives. 


RESEARCH  ON  EFFECTIVENESS  OF  ADDITIVE  TSIATTK-339 
DURING  PROLONGED  OPERATION  OF  HIGH  SPEED 
AND  FORCED  SHIP  DIESEL  ENGINES  ON 
SULFUR-BEARING  FUELS  AND  OILS 

?.  P.  Korotnenko 

Application  on  ship  diesel  engines  of  diesel  fuels  with  content  of  sulfur 
higher  than  0.2*  and  lubricating  oils  from  sulfur-bearing  crudes  leads  to  heightened 
scale  formation  and  increas  i  wear  of  parts  of  the  cylinder-piston  group.  Degree 
of  increase  in  scale  deposit  and  wear  i:.  lot  identical  for  ship  diesel  engines  of 
different  types  and  depends  both  on  quality  of  applied  commercial  fuels  and  oils 
and  design  features  of  motor  and  operating  condit  ions.  In  connection  with  this 
our  research  was  conducted  on  a  large  quantity  of  motors  of  different  types  and  in 
various  operating  conditions. 

Work  conducted  before  1957  in  different  scientific  research  organizations  and 
factories  established  that  during  application  in  diesel  engines  of  3ul fur-bearing 
diesel  fuel  with  content  of  sulfur  below  1*  the  most  effective  additive  to  oil 
from  those  mastered  by  native  industry  was  additive  tsiatim-339. 

Research  on  effectiveness  of  additive  tsiatim-339, during  prolonged  operation 
of  ship  diesel  engines  on  sulfur-bearing  fuels  and  oils,  was  conducted  by  us  in 
tvo  stages. 


In  the  first  stage  (1955-1959)  motors  were  operated  on  sul Air-bearing  diesel 

J 

\  fuel  of  brand  C  (GOST  305-56)  and  lubricating  oils  frost  Baku  crudes  with  3% 

*» 

\  additive  tsiatia-339.  Duration  of  operational  tests  on  each  type  of  motor  is 
f  given  in  Table  1. 

f 

Table  1 


Type  of 
motor 

Duration  of 
test  on  eacl 
motor,  hours 

Number  of 
motors  on 
which 
additive 
was  tested 

Type  of 
motor 

Duration  of 
test  on  each 
motor,  hours 

Number  of 
motors  on 
which 
additive 
was  tested 

2Ch8.5/ll 

1500 

18 

11D 

600 

6 

4Chl0.5/l3 

2500 

22 

37D 

2000 

8 

3D6 

750 

8 

M-50 

300 

24 

7D6 

1600 

10 

K-50F 

500 

24 

9D 

1200 

12  . 

DK-2 

750 

6 

In  the  second  stage  (1958-1960)  motors  were  operated  on  sulfur-bearing  diesel 
fuel  of  brand  C  (GOST  305-58)  and  lubricating  oils  from  sulfur-bearing  cruaes  with 
3%  additive  tsiatim-339.  Duration  of  these  tests  on  each  type  of  motor  is  given 
in  Table  2, 


"able  2 


Type  of 
motor 

Duration  of 
test  on  each 
motor,  hours 

Humber  of 
motors  on 
which 
additive 
was  tested 

2Ch8.5/ll 

1900 

6 

4Chl0.5/l3 

2^00 

8 

9D 

1500 

6 

37D 

2000 

4 

M-50F 

500 

16 

DK-2 

750 

4 

Appraisal  of  effectiveness  of  additive  tsiatim-339  was  conducted  according 
to  the  following  indices: 

l)  character  and  quantity  of  scale  and  varnish  deposit  on  parts  of  motors; 
?.)  wear  of  basic  parts  of  motors; 
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3)  state  of  working  surfaces  of  parts  of  motors; 

4)  intensity  of  wearability  of  additive; 

5)  character  of  change  in  physical  chemistry  indices  of  working  oil  in  oil 
system  of  motors. 


Scale  Deposit  on  Parts  of  Motors 

On  motor  parts  working  on  sul fur-bearing  fuel  of  brand  C  and  oils  from  Baku 
crudes  with  yf>  additive  tsiatim-339,  scale  deposit  is  5-10%  more  than  during 
application  of  low-sulfur  diesel  fuel  DS  (GOST  4749-49)  and  the  same  oils. 
Heightened  deposit  are  observed  basically  in  upper  part  of  pistons,  including 
sone  of  compression  rings,  on  covers  of  cylinders  on  the  side  of  the  combustion 
chamber  and  on  rods  of  valves.  Scale  formation  occurs  intensely  at  the  beginning 
of  the  work  of  the  motor.  Subsequently,  during  achievement  of  some  critical 
magnitude,  quantity  of  scale  is  increased  insignificantly.  For  instance,  weight 
of  scale,  removed  from  compression  rings  of  sixth  cylinder  of  motor  37D  after 
156  hours  of  work  on  sulfur-bearing  fuel  of  brand  C  and  oil  Dp-11  with  additive 
tsiatirv-339,  constitute  17.15  g,  and  after  2000  hours  20  and  30  g,  and  during  work 
of  motors  on  diesel  fuel  DS  (GOST  4749-49)  and  cil  Dp-11  with  3%  additive  tsiatim- 
339  10.25  g  and  13.60  g,  respectively.  This  phenomenon  is  explained,  obviously, 
by  development  of  washing  properties  of  oil  with  a  multi-functional  additive. 

This  conclusion  is  confirmed  by  the  presence  of  a  large  quantity  of  hard  particles 
of  scale  in  oil  filters  on  main  punping  line  of  oil  (weight  of  scale  gathered 
from  filters  after  200  hours  of  motor  operation  constituted,  on  sulfur-bearing 
fuel,  141.4  g  and,  on  low-sulfur  fuel,  130.1  g). 


Daring  work  of  ootorsron  sulfur-bearing  fuel  of  brand  C  and  sulfur-bearing 
oil  with  additive  tsiatim-339  the  quantity  of  deposit  in  the  zone  of  piston 
rings  is  10-15£  larger  than  during  work  on  low-sulfur  fuel  and  Baku  oils. 

Wear  of  Basic  Parts  of  Motors 

Wear  of  basic  parts  of  aotors  during  work  on  sulfur-bearing  fuel  of  brand  C 
and  oils  from  Baku  crudes  with  3%  additive  tsiatim-339,  and  also  on  oils  from 
sulfur-bearing  crudes  with  the  same  additive  is  more  than  when  operating  on  diesel 
fuel  DS  and  Baku  oils.  For  instance,  for  motors  379  after  2000  hours  of  work  on 
sulfur-bearing  fuel  and  oil  Dp-11  (COST  5304-54)  with  3%  additive  tsiatim-339 
maximum  wear  of  cylinder  bushings  constituted  0.20  ran,  maximum  gap  in  locks  of 
piston  rings  5*95  mm,  and  on  diesel  fuel  DS  and  oil  Dp- 11  with  3%  additive 
aznii-tsiatim-1  constituted  0.15  and  3.5  am,  respectively.  Wear  of  bushings  of 
cylinders  and  compression  rings  of  motors  during  work  on  sulfur-bearing  fuel  and 
sulfur-bearing  oil  is  2D~30%  more  after  1500  hours  of  work  for  motors  9D,  3-5% 
more  after  500  hours  for  K-50f  and  5-7#  more  after  2000  hours  for  370  than  during 
work  of  enumerated  motors  on  low-sulfur  fuel  and  Baku  oils. 

Heightened  scale  deposit  and  increased  wear  of  parts  during  work  of  motors  on 
sulfur-bearing  fuel  of  brand  C  and  sul fur-bearing  oils  with  3 %  additive  tsiatim-339 
testify  to  insufficient  effectivenes  of  additive  tsiatim-339,  the  application  of 
which  does  not  manage  to  neutralize  harmful  influence  of  products  of  combustion  of 
sulfur-bearing  fuel  to  the  level  characteristic  for  motors  working  on  low-sulfur 
fue'  DS  and  Baku  oils. 

Wearability  of  Additive 

Wearatility  of  additive  tsiatim-339  was  investigated  in  operational  conditions 
in  oil  MS- 20  from  sulfur-bearing  and  Baku  crudes  during  application  on  motors 
K-50f,  and  in  oil  DSp-11  from  the  same  crudes  during  application  on  motors  37D 
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and  9D. 


Research  was  conducted  by  means  of  detemining  barium  content  in  that  part 
of  additive,  which  was  in  working  oil  in  initial  state.  This  part  of  additive 
was  separated  froa  that  part  where  barium  is  in  the  form  of  its  solid  compounds 
with  products  of  aging  of  oil,  dissolution  of  batch  of  oil  in  benzene,  with 
subsequent  filtration  of  solution  and  treatment  of  filtrate  by  method  presented 
in  COST  7178-58. 

Working  oil  in  motors  M-50f  was  changed  after  every  60  hours  of  work,  in 
motors  370  and  90  after  300  hours. 

Wearability  of  additive  was  studied  with  and  without  adding  fresh  oil  to  tank 
of  circulatory  (working)  oil  in  accordance  with  effective  operating  instructions ; 
with  the  adding  of  fresh  oil  content  of  additive  in  working  oil  was  kept  within 
limits  of  2.0-2.6‘f. 

Results  of  research  of  additive  wearability  without  added  fresh  oils  are 
given  in  Table  3. 


Table  3 


Type 

of 

motor 

Applied  oil  and 
fuel 

i 

Content  of  additive  in  oil  (in  t}  during  work 
in  motor,  hours 

1 

fresh 

i 

i 

0.5 

100 

200 

300 

9D 

Oil  DCp-11,  fuel  of 
GOST  305-58 

3.0 

2.60 

2.53 

2.27 

2.04 

3.0 

2.75 

msm 

2.12 

1.75 

9D 

Oil  DSf^ll,  fuel  or 
GOST  4749-49 

3.0 

2.44 

2.30 

2.14 

1.84 

3.0 

2.85 

2.66 

2.36 

2.10 

370 

Oil  DSp-11,  fuel  of 
GOST  >05-58 

2.90 

2.55 

2.50 

2.21 

2.01 

ytv> 

Oil  DSp>-ll  with  3* 
additive  tslatim-339, 
fuel  of  GOST  4749-49 

2.93 

2.59 

2.54 

2.19 

2.0C 

V,  k 


t 

j 

i 

| 

* 

i 

i 

t 

* 
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Obtained  data  show  that  additive  tsiatic-339  in  sulfur-bearing  and  Baku  oils 

during  worts  of  no  tors  on  both  sulfur-bearing  and  low- sulfur  fuel  wears  practically 
* 

equally:  toward  the  end  of  the  work  period  of  the  oil,  content  of  it  oscillates 
within  Units  of  Jr. 75-2. 10*. 


M.'  t  iij: rj • 


(c) 

'v«  ,CC"C.cet 


Fig.  1.  Change  of  physical  chemistry  indices  of  oils  during 
work  in  9D  motors. 

1)  DSp-11  oU  ( sul fur-bearing  fuel.  GOST  305-58);  2)  OSp-11 
oil  (low-sulfur  fuel,  GCST  4749-49);  3)  Motor  oU  T  (low- 
sulfur  fuel). 

KEY:  (a)  Coking  capacity  (b)  Acid  number,  milligram  KOH/g 
oil;  (c)  Viscosity  at  100°C,  cs;  (d)  Time  of  work  of  oil,  hours; 
(e)  Mechanical  impurities,  *;  (f)  Ash  content,  i;  (g)  Temperature 
of  flash,  *C;  (h)  Viscosity  at  50*C,  cs. 
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Fig.  2.  Change  of  physical  chemistry  indices  of  oils  after 
period  of  tests  on  rotor  37D. 

1)  DSp-11  oil  (sulfur-bearing  fuel);  2)  Dp^ll  oil  (sulfur- 
bearing  fdel);  3)  Dp-11  oil  (low-sulfur  fuel). 

KalJ  (a)  Tenperature  of  flash,  °C;  (b)  Acid  masher,  nilligram 
KOM/l  g  oil;  (c)  Joking  capacity,  %\  (d)  Tine  of  work  of  oil, 
hours;  (e)  Mechanical  irtpurities,  <;  (f)  Ash  content,  %\  (g) 
Viscosity  at  5C*C ,  cr.. 
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Fig.  3.  Change  of  physical  chaiistry  indices  of 
oil*  during  %»rk  in  rotors  M-50f. 
l)  Ki~20  oil  of  the  Orskiy  factory  with  ^ 
additive  taiatir>-339,  fuel  of  CCJT  3C3-38;  <!) 

KK -22  oil  with  3*  additive  azr.ii-tsiatir-1 ,  fuel 
of  GOST  4749-49. 

IcT:  (a)  Coking  capacity,  ♦:  (b)  Acid  macber, 
■illigraK  K CH/g  oil;  (c)  Viscosity  at  1Q0*C,  cs; 
(d)  Te*peratur«*  of  flash,  *Z;  (e)  Ash  content,  i; 
(f)  Mechanical  i*pu*iti*s,  (g)  Tire  of  work  of 
oil;  (h)  O-fresh  oil;  (i)  Minute;  (j)  Hour. 


Character  of  Change  in  Physico-Chemical 
Indices  of  Operating  Oil 


Character  of  change  in  physical  chemistry  indices  of  operating  oil  in  the 
process  of  prolonged  operational  tests  investigated  by  means  of  analysing  samples 
removed  from  circulatory  oil  tanks.  Results  of  analysing  working  oils  after  one 
cycle  of  work  in  system  of  motors  M-50f»  9D,  and  37T>  shown  in  Figs.  1,  2,  3  show 
that  the  character  of  change  in  physical  chemistry  indices  of  working  oils  in  oil 
System  vt  motors  both  for  oils  from  Baku  crudes  with  additive  axnii-tsiatim-1  and 
with  additive  tsiatic-339  and  sulfur-bearing  oils  with  additive  tslatim-339, 
during  wor?:  of  motors  on  low-sulfur  and  sul Air-bearing  diesel  Aiels  is  practically 
identical. 


Conclusions 

1.  Additive  tsiatim-339  added  to  lubricating  oils  in  quantity  Ji  of  weight, 
during  operation  of  ship  diesel  engines  on  sul  fur-  bearing  fuel  of  brand  C 

(COST  305-5$)  and  oil  from  Baku  crude*,  is  sufficiently  effective  and  ensures 
normal,  operation  of  these  motors. 

2.  During  application  in  motors  of  sulfur-bearing  fuel  of  brand  C  and  sulfur¬ 
bearing  oils,  additive  tslatlm-339  turns  out  to  be  insufficiently  effective  and 
does  not  ensure  neutralisation  of  harmful  effect  of  products  of  combustion  of 
sulfur-bearing  fuel  and  oils  to  the  level  characteristic  for  parts  of  motors 
wording  on  iov-sulfUr  fuel  BS  (COST  4749-49)  and  oil  from  Baku  crudes. 


THE  EFFECT  OF  VISCOSITY  OF  ADDITIVES  ON  OPERATIONAL 
PROPERTIES  OF  OILS 

Ye.  G.  Semenido,  V.  I.  Sharapov,  and  N.  V.  Shchegolev 

As  a  result  of  the  application  in  the  last  10-15  years,  on  carburetor,  diesel, 
and  certain  other  types  of  motors,  of  oils  with  low-no lecular  basis,  limited  in 
fractional  composition  [1],  it  became  possible  to  introduce  into  the  production 
of  oils  different  polymers  as  viscosity  additives. 

The  most  widespread  viscosity  additives  are  polyisobutylenes  and  poly- 
methacrylates  ,  with  molecular  weight  of  15,000-30,000. 

Foreign  production  of  viscosity  additives  has  reached  100  thousand  t/year 

C2]. 

Conditions  for  application  of  polymers  as  viscosity  additives  and  a  number 
of  properties  of  thickened  oils  are  described  earlier  [3-8].  In  this  report  are 
considered  new  data  in  this  region. 

Permissible  Conccntra*  ion3  of  Polym-rs  In  Thickened  Motor  Oils 

In  standard  thickened  motor  oils  AKZp^6,  AK^p-10  and  MT-lAp,  prepared  on  the 
basis  of  solar-spindle  oil  distillates  of  definite  composition,  there  is  1.8-4. 5 1 
polyisobutylene,  with  a  molecular  weight  of  20,000.  So  that  on  the  same  basis 
more  viscous  oils  are  obtained  (type  FT-lo  and  KX -22),  large  quantities  of  polymer 


(of  an  order  of  6-7£)  will  be  demanded .  If,  however,  as  a  basis  of  oils  we  use 

i 

t 

*  diesel  fuel,  then  additive  of  polyisobutylene  will  be  demanded  in  a  quantity  of 

I 

1.  HCjJ, 

i 

I  It  has  been  important  to  clarify  the  character  of  changes  of  polyisobutylene 

t* 

I  during  high  concentrations  of  it  in  oil  during  the  work  of  thickened  oils  in  motors 

4 

t 

f  under  the  influence  of  thermal  and  mechanical  factors. 

i 

I 

|  It  was  established  (9}  that  degree  of  mechanical  destruction  of  polyisobutylene 

I  in  thickened  oils  is  determined  by  ljvel  of  viscosity  of  these  oils  and  does  not 

i 

i  depend  on  concentration  in  them  of  polyisobutylene  (Table  1). 


Table.  1.  Change  of  Viscosity  of  Thickened  Oils  as  a  Result  of  Mechanical 
Destruction  of  Polymer  at  20°,  in  Conditions  of  the  Instrument  of  K.  1. 

Klimov 


Viscosity  (in  cs)  di 
minutes  _ , 

iring  experiment. 

Composition  of  oil 

0 

30 

120 

300 

1.  Turbine  oil  22  ♦  5 1  polyisobutylene, 
molecular  weight  20,000 . 

1148 

928 

623 

423 

2.  Kerosene  +  20%  the  sane  poly iso- 

butylene...  , . 

1153 

975 

646 

415 

i  Consequently,  thickened  oil,  possessing  sufficient  resistance  to  mechanical 

?  destruction  at  a  given  level  of  viscosity,  can  be  obtained  with  various  quantities 
of  polymer  by  means  of  change  in  viscosity  of  basis  of  oil. 

Resistance  of  polymers  in  solution  of  oils  to  thermal  destruction  is  ensured 
by  application  of  stabilising  additives*  [8]. 

Tests  on  motors  of  type  V-2  (one-cylinder  installation)  oils  with  a  viscosity 

of  14  es  at  100*,  obtained  by  thickening  with  polyisobutylene  of  solar-spindle  oil 

I 

]  distillates  and  diesel  fuel,  containing  3  and  5.5*  polymer,  respectively,  showed 

! 

that  in  both  cases  molecular  weight  of  the  latter  was  changed  approximately 

f 

I  equally  and  to  a  comparatively  small  degree  (Table  2). 


Table  2.  Chang®  of  Folyisobutylenc  of  Brand  P-20  in  Thickened  Oils 
(on  Various  Rases)  During  Work  in  Motor  of  Type  f-2 


Oil  on  a  basis  of  solar-spindle  oil 
distillates 

Oil  on 

a  basis  of  diesel  fuel 
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Molecular 
weight  of 
polymer 

°  |UVi 

S3  *T 

«  oc 

Cox. 

V  «-t  -« 
t>  O  t 
“  *T  * 

0 

13.9 

3.04 

21,800 

0 

0 

13.0 

5.50 

20,200 

0 

23 

11.1 

3.68 

19,900 

Q 

10 

15.3 

6.13 

l«,?oo 

7 

41 

11.9 

3.56 

17,900 

18 

20 

17.5 

7.21 

18,100 

11 

30 

20.2 

7.54 

18,100 

11 

Increase  of  quantity  of  polymer  in  oils  during  work  occurs  due  to  gradual 
evaporation  of  low-boiling  fractions  of  basis  of  oils.  Tn  oil  on  a  basis  of  diesel 
fuel  this  increase,  naturally,  is  larger  (froa  5.5  to  7.5*).  However,  it  is  not 
accompanied  by  a  sharp  lowering  of  molecular  weight  of  the  polymer. 

Making  the  operating  conv..*ions  of  the  motor  more  rugged  renders  a  certain 
influence  on  stability  of  polyisobutyl ere  in  working  oil  (Table  3). 


Table  3*  Influence  of  Thermal  Op*r*t.*.r  Conditions  of  Motor  of  Type 
f-2  on  Changes  of  POlyisobutyler.e  in  Tr. :  ’"'red  Oil  on  a  Basis  of  Diesel 

Fuel 


Characteristic  of  oil  and  polymer 


Characteristic  of  operating 
conditions  of  motor 

Work  of  oil, 
hours 
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temperature  of  oil  lCC-l?  5*;  180  rpr. 
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W.5 

19 
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_11_.2  H 

15,400 

Roraul  thermal  conditions: 

0 

10.0 

7.4 

18,000 

0 

temperature  of  liquid  coolant  85-90 •; 

5 

12.0 

7.0 

16,900 

6.C 

temperature  of  oil  90-95*  1800  rrm 

10 

13.6 

8.5 

16,400 

9.0 

20 

18.2 

11. 0 

16,700 

7.2 

Tabls  4*  Characteristic*  of  ths  CylirJsr-Pleton  Group  of  a  Motor  of  Typo  V-2  oftor  20  hours  of  Work 

on  Thickoned  Oil 
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Fran  the  table  it  is  clear  that  for  obtaining  thickened  motor  oils  on  a 
lo-»-  Lseous  bcusis  can  be  applied  high  concentrations  (to  10^  and  even  more)  of 
poly  Isobutylene,  during  observance  of  general  conditions  developed  earlier  for 
thickened  oils. 

During  work  of  motor*  on  oil  with  high  concentration  of  polyisobutylene  in 
the  presence  of  additive  tsiatlm-339,  scorching  or  grabbing  of  piston  rings  was 
not  observed  even  in  high-temperature  conditions.  After  work  of  motor  on  normal 
thermal  conditions  state  of  cylinder-piston  group  was  better  than  at  high 
temperature  (Table  U),  During  work  of  the  same  motor  in  high-temperature  con¬ 
dition  ■  for  20  hours  on  HS-20  oil  with  3^  of  the  same  multifunctional  additive, 
deposit  on  piston  constituted  3*^0  g,  on  piston  rings  0.26  g;  appraisal  of  piston 
by  PZV  was  3-3*5  points;  scale  in  combustion  chamber  was  3  g* 

The  idea  existing  earlier  that  heightened  content  of  polyisobutylene  causes 
heightened  3u«»le  formation  was  erroneous.  Possibility  of  normal  work  of  powerful 
motors  on  thickened  oil  with  high  content  of  polyisobutylene  was  confirmed  by 
stand  motor  tests,  conducted  Jointly  with  V.  T.  Lomonosov,  S.  S.  Beroshteyn,  and 
A.  A.  Ostanin. 


Optimum  Molecular  Weight  of  tolvrers  a3 
Viscosity  Additives  to  Motor  Cil3 

Resistance  of  polymers  to  the  effect  of  temperature  and  mechanical  factors, 
as  is  known,  is  improved  with  a  lowering  of  molecular  weight  of  polymers.  However, 
simultaneous  with  this  increases,  i3  their  expenditure.  Furthermore,  in  obtaining 
thickened  oils  with  polyisob'  tylene  of  low  molecular  weights,  as  will  be  shown 
below,  certain  exploitational  properties  of  oils  worsen. 

For  polyisobutylene  as  a  viscosity  additive  an  average  molecular  weight  of 
an  order  of  20,000  is  established;  the  upper  limit  of  average  molecular  weight 
constitutes  25,000.  This  is  explained,  basically,  by  the  fact  that  polyisobutylenes 

up  to  a  molecular  weight  of  30,000  preserve  the  state  of  viscous  mass,  and  at 


Cr  ^ 


higher  weight  become  elastic  solid  bodies. 

Lower  limit  of  molecular  weight  of  polyisobutylenes  as  viscosity  additives  is 
arbitrarily  taken  as  15,000.  At  present  there  are  tendencies  to  lower  the  average 
molecular  weight  of  polymers  to  10,000.  As  far  this  is  right,  we  will  consider 
below. 

It  is  very  important  that  at  a  given  average  molecular  weight  the  polymer 
•have  sufficiently  uniform  fractional  composition.  This,  in  the  practice  of 
production  and  application  of  viscosity  additives,  is  allotted,  unfortunately, 
insufficient  attention. 

The  wider  the  fractional  composition  of  the  polymer  at  a  given  average 
molecular  weight,  the  worse  the  depolymerization  resistance,  inasmuch  as  such  a 
polymer,  along  with  low-nolecular  fractions,  includes  also  high-molecular  ones, 
more  inclined  to  depolymerization. 

In  conditions  of  production  (Table  5)  it  is  possible  to  obtain  polymers  with 
sufficiently  high  average  molecular  weight  and  comparatively  narrow  fractional 
composition  (middle  polyisobutylenes  with  molecular  weights  of  20,000  and  15,000). 
This  is  necessary  to  consider  during  discussion  of  lower  limit  of  molecular  weight 
of  polymers  as  viscosity  additives. 


Table  5«  Fractional  Composition  of  Three  Industrial  lots  of 

Polyisobutylene 


c 

V-t  S\ 

Polyisobutylene  of  average 
molecular  weight  30,000 

Polyisobutylene  of  average 
molecular  weight  20,000 

Polyisobutylene  of 
average  molecular 
weight  15,000 

o  Zj 

Molecular 

Quantity  of 

Molecular 

Quantity  of 

Molecular 

Quantity 

. 

it 

weight  of 
fraction 

fraction,  £ 

weight  of 
fraction 

fraction,  t 

weight  of 
fraction 

of 

fraction 

i 

|  61,000 

4.92 

28,000 

43.65 

30,000 

9.40 

««» 

50,000 

12.80 

17  nnri 

f  |WV 

OC  i  L 

25,000 

22.27 

j 

31,000 

23.39 

13,800 

7.78 

18,000 

27.47 

u 

25,000 

8.91 

10,500 

9.60 

15,200 

8.22 

5 

17,000 

7.58 

5,500 

7.44 

13,000 

10.71 

6 

13,000 

5.44 

Remainder 

4.30 

9,000 

7.61 

7 

8,500 

3.42 

— 

— 

7,000 

7.07 

e 

4,000 

10.82 

1  — 

— 

Remainder 

7.16 

i)  ;> 


Oils  on  a  low-viscous  basis,  thickened  fc y  polymers,  as  compared  to  the  usua. 
distillate,  residual,  and  mixed  oils,  possess  a  series  of  known  advantages:  small 
values  of  index  *50/ *100*  significantly  smaller  viscosity  at  low  temperatures, 
hi/eh  viscosity  at  temperatures  higher  than  100°,  and  so  forth. 

In  order  to  determine  what  should  be  optimum  average  molecular  weight  of 
polymers  as  viscosity  additives,  it  is  necessary  to  clarify  to  what  measure  their 
expenditure  and  the  designated,  most  important  properties  of  thickened  oils 
(Table  6)  will  depend  on  molecular  weight  of  the  polymers. 


Table  o.  Influence  of  Molecular  /.’eight  of  Polymers  on  Viscosity- 
Temperature  Properties  of  Thickened  Oils  on  a  Low-Viscous  Basis 


Considering  data  on  ratio  *5(/*l00  41,01  v^scos^ty  at  *ow  temperatures  for  oils 
equally  viscous  at  100*,  thickened  by  polyisobutylenes  and  polymethacrylates  (on 
the  same  oil  basis),  we  ascertain,  as  a  rule,  impairment  of  viscosity-temperature 
properties  of  oil  with  the  lowering  of  molecular  weight  of  polymers. 

Viscosity  of  thickened  oils  at  temperatures  higher  than  100°  depends  on  the 
nature  of  the  polymer  and  virtually  does  not  depend  on  its  molecular  weight. 


Folymethacrylates,  as  compared  to  polyisobutylenes,  ensure  best  i/*?ices  on 
viscosity  at  low  and  high  temperatures  and  on  ^jqA^qq  ratio. 

During  application  of  polyisobutyl enea  and  polymethacrylates  with  a  molecular 
weight  of  10,000  instead  of  20,000,  their  expenditure  is  increased,  on  the  average, 
by  50!?.  Besides  increasing  expenditure  on  thickening,  the  application  of  polymers 
with  a  molecular  weight  of  10,000  somewhat  worsens  low-temperature  properties  of 
oil;  therefore,  'optimum  molecular  weight  for  polymers  as  viscosity  additives  one 
should -consider  20,000.  With  this,  it  is  necessary  that  polymers  have  narrow 
fractional  composition,  for  which  in  technical  requirements  on  viscosity  additives 
it  is  necessary  to  specify  corresponding  indices,  excluding  the  possibility  of 
content  in  polymer  of  fractions  of  molecular  weight  and  more  than  25-28,000. 

Compatibility  in  Oils  of  Polymeric.  Multi-functional 
and  Other  Additives 

One  of  the  obligatory  conditions  of  the  application  of  polymers  in  oils  is 
the  additicn  to  them  of  chemical  compounds,  including  also  certain  multi-functional 
additives  giving  polymers  the  necessary  depolynerization  r  sistance. 

With  respect  to  polyisol utylene  in  solution  of  oils,  known  multi-functional 
additives,  according  to  the  decrease  in  effectiveness  of  their  influence  on 
depolymerization  resistance,  can  be  arranged  in  the  following  order:  IP-22, 

ZIT-1,  aznii-8,  tsiatim-339,  DF-1,  aznii-7,  aznii-tsiatim-1 ,  aznii-5,  aznii-A. 

Antioxidants  possessed  definite  ability  to  increase  de polymerization  resistance 
of  polyisobutylene  (Table  7). 

Hence  it  is  possible  to  consider  established  a  connection  between  the  anti¬ 
oxidant  effect  of  additives  and  their  ability  to  improve  resistance  of  a  polymer 
to  depolymerization.  Therefore,  during  selection  of  multi- functional  and  other 
additives  for  oils  thickened  by  polyisobutylene,  it  is  expedient  to  be  oriented 
to  substances  possessing  good  antioxidant  properties. 


1 


Table  7.  Influence  of  Anticxidar.t.  A.::i: iv<5  <n  repcjre rotation 
Resistance  of  Poljrisobutylene  (5*)  in  Solution  of  Turbine  “'ll 


Characteristic  of  additive 

Viscosity  of  oil 
at  100%  cs 

— 

Index  of 
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2.4-dimethyl-6-tert-butylphenol . . 

2 

28. P 
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9e.o 

Tot  tnol  0 

4-trethyl-2 . 6-d  i-tert-but/1  phenol . 

2 

29  J 
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28.2 

9o.e 
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N,  N’-di-sec-butyl-r-phenyler.e 
diamine . . . 

2 

LT .  VT 

28.5 

27.7 

96.1 

FCh-l6 

Product  of  processing  chereakhovo 
coals . 

2 

ET^V. 

25.8 

25.6 

99.3 

Brake  prep¬ 
aration 

Product  of  dry  distillation  of 
birch  wood . 

2 

WiW 

28.8 

28.4 

99.4 

Wood-resinous 
antioxidant  l 

Product  of  dry  distillation  of 
wood . 

2 

28.6 

28.7 

28.6 

100 

Experience  in  application  ±rA  many-sided  research  on  oils  thickened  by 
poly  isobutylene  convince  us  that  pclyiso.  -tylene  will  combin'*  with  all  known 
tu'  *  l- functional ,  depressor,  antioxidant,  art  other  additives. 

The  situation  is  otherwise  with  polymethi- r  ites  in  a  solution  of  oils.  It 
is  revealed  that  these  polymeric  additives  are  not  compatible  with  a  number  of 
■ml tl- functional  additives  [8,  10 ) .  Thus,  the  aduitives  tsiatir.-339,  IF-22, 
vnii  np-361  and  certain  others  cause  a  sharp  increase  in  viscosity,  up  to 
frelforration  of  oils  thickened  by  pol  yr.ethacrylates. 

To  this  or  that  degree  this  phenomenon  is  characteristic  also  for  foreign 
additives  (see  figure).  It  has  been  important  to  clarify  wheth-r  polysethacrylates 
preserve  their  depressor  properties  In  the  presence  of  multi-functional  additives. 

Tt  has  turned  out  (Table  8)  that  polyrethacrylate  as  a  depressor  in  the 
presence  of  a  number  of  multi-functicnal  additives  in  oil,  to  a  larger  or  smaller 
measure,  lowers  its  effectiveness  ("effect  of  suppression"  of  depressors). 


With  respect  to  this  property,  additive  DP-1  profitably  differs  from  other*: 
it  does  not  render  negative  influence  on  the  depressor  effect  of  polymethac rylate, 
but,  conversely,  even  somewhat  strengthens  it. 

This  was  checked  also  on  polymethacrylate  of  another  lot  in  oil  DS-8  NU  KPZ. 

In  this  case ‘the  actual  oil  had  a  thickening  temperature  -14* »  with  0.2* 
polymethac relate  -32*,  and  after  additive  of  3*  additive  DF-1  -37*. 

It  is  noticeable  that  the  basis  of  the  oil,  to  a  significant  measure,  affects 
effectiveness  of  polyaethac rylate  as  a  depressor  in  the  presence  of  multi- functional 
additives . 


Change  of  viscosity  of 
solutions  of  additives  of 
viscoplex  (polyrrethac rylate 
type)  in  turbine  oil  22 
during  heating  up  to  200° 
in  the  presence  of  5* 
additiv*  vnii  np-360. 

1)  10.6*  HV  2;  2)  15.6*  5V  31 5 
3)  16.4*  SV3;  4)  18.4*  H-7; 

5)  16.2*  SI. 

ICET:  (a)  Viscosity  at  100*, 
ca;  (b)  Duration  of  heating, 
hour;  (c)  Oel. 


Oil  on  a  basis  of  DS-8  with  0.2* 
polymethacrylate  in  the  presence  of 
additive  vnii  np*>360  (also  vnii  np>-36l 
and  361a)  increased  temperature  of 
thickening  from  -32  to  -13*.  "Effect 
cf  suppression"  of  depressors  const Huted 
19*. 

We  will  turn  to  one  more  Interesting 
fact.  Industrial  oil  20  obtains 
temperature  of  thickening  of  the  order 
cf  -36*  only  in  the  presence  of  1*  of 
polymethacrylate.  Addition  to  oil  of 
3*  additive  vnii  np^360  does  not  render 
a  large  Influence  on  temperature  of 
thickening.  When  viscosity  of  oil  was 
checked,  the  following  was  clarified. 


During  introduction  into  oil  of  1*  polymethac rylate  its  viscosity  (at  100*)  was 
increased  from  5.02  to  7.32  cs.  After  the  addition  there  too  of  3*  additive 
vnii  njv360  viscosity  of  the  oil  increased  to  9.68  cs  (industrial  oil  2C  only  with 


yi  vr '  i  np-3^0  hud  viscosity  of  5.1  cs). 


Table  8.  Compatibility  of  Polymethacrylate  (Depressor)  with  Mu! t i-func*. icnal 

Additives 


Oil  and  multi-functional  additive 
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Temperature 

of 

thickening, 

•c 

Industrial  20  NU  NPZ  * 

-15 

0.2 

-38 

0.4 

-38 

Incur, trial  20  +  3#  vnii  np-360 

1.0 

-39 

0.2 

-29 

0.4 

-31 

Industrial  20  +  7.5 #  SB-3 

1.0 

-36 

0.2 

-28 

The  same  +  4.5#  IP-22 

0.2 

-27 

Industrial  20+4#  aznii-8 

0.4 

-28 

0.2 

-27 

Industrial  20+3#  tsiatim-339 

0.4 

-32 

0.4 

-32 

Industrial  20  +  3*  tsiatim-339  ^  1#  DF-11 

Industrial  20  +  adcitive: 

0.2 

-27 

3.3#  DF-11 

0.2 

-33 

j.5#  DP-1 

0.2 

-41 

3.5#  DF-l 

0.4 

-42 

0.4#  depressor  aznii 

-31 

~f  aznii-tsiatim-l 

-33 

3#  vnii  np-360  +  1#  aznii-tsiatim-l 

1  _ 

r 

1 

-31 

Sharp  growth  of  viscosity  of  oil  (from  5 

1 

to  10  cs  at  100* 

’)  from  adding  to  it 

only  1#  polymethacrylate  in  the  presence  of  n;'  *  i-furc*.  ional  additive  could  hav~ 


been  considered  iui  a  positive  phenomenon ,  if  viscosity  were  stable.  But  after 
heating  such  oil  at  200*  for  1.5  hours  its  viscosity  was  lowered  to  8.21  cs  at  100° 


Influence  of  Polymers  as  Viscosity  Additives  or 
Aintlvear  Properties  of  f'ils* 

Research  was  conducted  with  the  help  of  the  method  of  radioactive  isotopes. 
The  motor  stand  consisted  of  a  7.II^123F  motor  and  corresponding  equipment  for 

•The  work  was  carried  out  jointly  with  L.  A.  Dem’yanov,  P.  I.  Vorob'ev  and 
H.  A.  Senichkin. 


measurement  of  the  radioactivity  of  oil.  The  motor  had  in  each  cylinder  two 
activated  upper  piston  rings.  On  each  ring  was  established  eight  inserts  from 
Co^.  A  detailed  description  of  the  stand  was  published  earlier  (7).  Antiwear 
properties  of  oils  were  estimated  by  magnitude  of  tangent  of  angle  of  inclination 
of  line  of  wear  (tan«)  to  axis  of  abscissas.  Appraisal  of  antiwear  properties  of 
oils  was  conducted  on  introduces  index  "relative  change  of  rate  of  wear,*  presenting 
relation  tan«  of  investigated  sample  to  tana  of  standard  oil.  This  index  was 
expressed  in  percents.  As  standard  oil  was  used  industrial  oil  50  with  32 
additive  tsiatia-330  (Table  9). 


Table  9.  Appraisal  of  Antiwar  Properties  of  Oils 


Relative  change  in 

Oil  tan  a  rate  of  wear,  2 


Sulfurous  basis . 1.240  111.0 

SulfUrous  basis  thickened  by  polyisobutylene.  0.687  61.5 

The  sane  +  32  tsiatin-339 .  0.525  47.0 

The  sane  +  42  vnii  np-3ola .  0.435  38*9 

The  same  32  aznii-8 .  0.300  26.9 

Baku  basis . 1.950  174.6 

Baku  basis  thickened  by  polyisobutylene .  0.620  55*5 

The  same  +  32  aznii-4 .  0,550  49.2 

The  same  +  3%  aznii-8 .  0.382  34*2 

Industrial  oil  50 .  1.428  127.8 

The  same  +  3%  tsiatim-330 .  1.117  100.0 

DS-8  NKZ .  0.795  71.2 

DS-8NKZ  +  additive: 

3.52  DF-1 .  0.778  69.6 

5.52  IK-22k .  0.605  54.2 

32  tsiatin-339  +  aznii-tsiatim-1.. . .  0.604  54.1 

4.52  vnii  np-361 . 0.391  35.0 


Pbr  comparison  arc  presented  also  research  data  of  analogous  properties  of 
oil  eoepositions  or.  a  basis  of  sul fur-bearing  oil  DS-8  NKZ*.  Inasmuch  as  works 

♦According  to  A.  A.  rvn’vanov,  A.  3.  Vipper,  P.  I.  Vorob’ev  and  K.  S.  Rjbakov. 
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were  cor.iucted  on  the  tone  no  tor  stand  and  by  th»  sar.e  *xp^ri- enters ,  comparis'ci 
of  '.h*se  data  Is  very  expedient. 

From  data  in  Table  9  the  following  conclusions  can  be  rade. 

3.  In  antiwear  properties  (in  conditions  of  the  applied  method)  oils 
thickened  by  polyisobutylene  exceed  oil  of  the  usual  method  of  production,  for 
instance  machine  oil  SU,  DS-8  !”K2  with  additive  DF-1,  TP-22V,  tsiatim-339  ♦  aznii- 
tsiatim-1. 

2.  Sul  fur-bearing  oils,  in  the  studied  properties,  are  better  than  Baku  oils 
(middle  sulfur-bearing  basis  and  DS-3  NKZ  with  industrial  50  and  others). 

3.  The  studied  multi-functional  additives  manifested  an  ability  to  improve 
antiwar  properties  of  oil. 

U.  Sharp  decrease  (2-3  tires)  tar.  a  of  oil  bases  after  their  thickening  by 
polyioobutyl enc  is  explained,  besides  the  increase  in  level  of  viscosity  of  oil 
composition,  also  by  the  specific  influence  of  viscosity  additives  on  antiwear 
properties  of  oil.  The  latter  :r  confirmed  by  the  practice  of  using  thickened 
oils. 

Prom  the  considered  rul*  i- function^  1  additive  the  best  turned  out  to  be 
axnii-P,  vnii  np-361  and  361a.  The  last  two  add:  lives,  identical  in  chemical 
nature,  differ  from  each  other  only  by  relationship  of  washing  and  polyfunctional 
components. 

Data  on  research  of  antiwear  properties  of  lubricating  oils  by  the  method  of 
radioactive  isotopes  agree  well  with  results  of  oO-hour  bench  tests  of  ASZ^-10 
oil  thickened  by  polyisobutylen-  with  adcitive  vnii  np-3-1-*,  oJiu  on  AKf^-lO  oil 
with  additive  aznii-8— with  the  results  of  operational  tests  (run  2>,000). 
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CHAPTER  VII 
'  ADDITIVES  TO  FUELS 


ADDITIVES  TO  LIQUID  FTJEIS  FOR  GAS  TURBINS  INSTALLATIONS, 

PREVENTING  DEPOSITS  OF  ASHES  AND  VAN  ADI  UP!  CORROSION 

R.  A.  Lipshteyn,  S.  E.  Khaykina,  A.  S. 

Avetisyan,  and  T.  A.  Blagova 
VTI* 

During  operation  of  e&s  turbine  installations  on  petroleum  fuels  there  appear 
deposits,  connected  with  jam  of  flow-through  part  of  turbine  by  deposits  of  ashes 
ard  vanadium  corrosion  of  netal  of  blades. 

Earlier  we  showed  that  vanadium,  corrosion  cf  metals  depends  on  composition  of 
ashes  of  fuel,  temperature  of  gas  and  concentration  in  it  of  oxygen,  and  also  on 
chemical  composition  of  steel. 

Vanadium  corrosion  is  a  process  of  oxidation  cf  metals,  catalyzed,  in  our 
opinion,  by  peroxides  and  vanadium  deriv  tives  in  "semiliquid"  state. 

This  work  is  devoted  to  test  in  laboratory  conditions  and  on  OTU  600-1.5  with 
capacity  of  1500  hr  of  additives  preventing  deposits  cf  ashes  and  vanadium  corrosion 
cf  blades. 

laboratory  Tests 

In  laboratory  the  effectiveness  of  action  of  additives  was  tested  by  two 
methods:  static  and  dynamic. 

Essence  of  static  nethod  consists  of  quantitative  determination  of  corrosion 
of  metal  after  holding  for  60  hr.  of  sample  of  steel  immersed  in  ashes  (in  crucible), 

*A11- Union  "Order  of  the  Red  Banner  of  labor"  Scientific  Research  Institute  of 
Heat  Fhgineering  in.  F.  E.  Uzerzhinskiy. 
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in  presence  of  air,  at  a  temperature  from  625  to  e00°. 

Additives  were  mixed  veith  0.8  f  of  artificial  ashes,  consisting  of  87?  V2C>5 
and  33v  i.e.,’in  ratio  of  3*1  fror  calculation  on  weight  amount  of  V2^5 

(the  r.ost  aggressive  mixture). 

Upon  completion  of  experiment  for  preliminary  estimate  of  ability  of  additives 
to  prevent  deposit  of  ashes  on* blades  of  turbine,  state  of  ashes  was  fixed;  it  was 
conditionally  subdivided  into  three  gradations:  l)  easily  friable,  not  at  all 
retained  on  sample  of  steel;  2)  less  friable,  slightly  cohering,  not  retained  on 
samples  of  steel;  3)  solid,  separated  from  metal  with  difficulty. 

Effectiveness  of  action  of  additives  with  respect  to  ability  to  lower  vanadium 
corrosion  was  determined  by  loss  of  weight  of  sample  of  steel  (after  removal  of 
products  of  corrosion  by  electrochemical  method). 

The  most  pronising  additives  were  tested  by  dynamic  method,  whose  essence 
consists  of  introduction  with  the  help  of  special  burner  of  aqueous  or  water-alcohol 
solution  of  compounds  containinr  vanadium  and  sodium  into  oxygen-hydrogen  flane. 
Products  of  combustion  head  to  warmed  pipe,  on  whose  height  samples  of  metals  and 
thernoccu:  !*  s  are  fixed.  Additives  are  introduce!  together  with  aqueous  solution. 
With  the  use  of  additive  not  soluble  in  water  it  is  fed  together  with  solution  in 
the  form  of  uniform  thin  suspension  durir.r  continuous  mixing  with  magnetic  mixer. 
Experiments  wer^  conducted  for  30  minutes.  Quantity  of  deposits  was  determined  by* 
increase  of  weight  of  plates  and  corrosion  by  decrease  of  it  after  electrolytic 
purification. 

In  process  of  experiments  the  following  additives  were  investigated. 

I.  Compounds  of  alkali  earth  metals  VgC,  !!gC0^,  magnesite  (three 

samples  of  industrial  waste  containing  up  to  92?  !!g0),  calcite  CaCC^  and  dolomite — 
general  formula  Ca!'r(CCj)2,  contains  CaC  30. 4^,  I'gC  21.7,  CC2  47.9!?; 

II.  ^2^3  marshal ite—  finely  powdered  variety  of  quarts  (SiC^). 

III.  Aluminum  silicates: 


€20 


1)  kaolin  —  basic  silicate  of  aluminum;  general  formula  AI2C3.  2S1C2  .  2H2O 

or  A3^  (SiO^g)  (0H)g, contains  A^C^  39.5!%  ^i^  46.5%  during  heating  loses 

water,  in  dry  form  absorbs  watery 

2)  nontroril Ionite;  general  formula  m  {  Vg^  CCH}2  I  ^  CA1,  Fe]2 

[Si^O^]  [C!^  11^0  or  A^O^  x  45^  .  *.“2%  ®  :  P  =  0.8— C. 9;  chenical  composition 
depends  on  content  of  water,  in  dry  weather  it  returns  part  of  water,  in  damp  — 
absorbs  it  from  air;  it  possesses  sharply  expressed  ability  for  exchange  with 
cations ; 

3)  gunbrin,  Askania  clay  and  bentonite  of  Askania  —  modifications  of 
non tnoril Ionite ; 

4)  halloysite  Al^rSi^O^g]  [CH]g  41^0  or  AI2C3  .  2Si02  .  4H2O.  Contains 
A1203  34.7%  SiO  40.8%  H20  24. 5^ J 


5)  Zikeyevo  earth,  opoka;  is'widely  used  in  petroleum,  industry  for  purification 


of  oils. 
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Action  of  additives  on  vanadium  corrosion  of  steel  KYalT  at  a  temperature 


'-or.  625  to  800 °C.  a)  625°C;  b)  750°C;  c)  800°C. 


A—  ashes  with  additive,  easily  friable,  is  not  at  all  retained  on  netal; 

D —  ashes  with  additive,  less  friable,  not  retained  on  r.etal; 

0 —  ashes  with  additive,  hard,  separated  from  netal  with  difficulty. 

K!v3f :  (a)  loss  of  weight  of  sample  wt  %  (b)  ’.Without  additive;  (c)  Zikeyevo  earth; 

(d)  Kaolin;  (e)  Polonite;  (f)  I'arshalite;  (g)  Halloysite;  (h)  Calcite;  (i)  !'ont- 
r.orillonite. 


<;rii 


Results  of  teats  b7  static  method  at  temperatures  of  625,  750  and  800°  of 
®* -iveness  of  action  of  these  additives  with  respect  to  their  ability  to  prevent 
adhesion  of  ashes  and  to  lower  vanadium  corrosion  of  steel  EYalT  are  shown  ir. 

Fips.  1  and  2.  Appearance  of  this  steel  after  60-hour  test  at  750°  in  the  absence 
and  ir.  the  presence  of  sor.e  additives  is  presented  in  Fip .  2. 

1.  Farr.es iur. .  calcium.  In  whole  interval  of  temperatures  and  for  all  prades 
of  tested  steel  ('-11-612,  ”1-405  and  FTalT),  the  best  additive  turned  out  to  be 
rapnesii-r.  oxide:  after  experiments  ashes  were  easily  friable,  netal  remained 
shininp,  without  traces  of  any  corrosion.  Calcium  oxide  turned  cut  to  be  rather 
the  wors*  additive:  ashes  (experiment  at  ff00°)  were  sliphtly  eoherinp,  althouph 
they  also  did*  not  rerain  on  r.etal  (2-nd  gradation),  loss  of  weirht  after  electrolytic 
purification  amounted  to  0.02T. 


Fi/%  2.  Influence  of  additive  or.  vanadium  corrosion  of  steel  TTYalT 
at  750 (60  hr), 
a —VpO; 

Dolomite  possesses  hirh  effectiveness;  calcite  is  inferior  to  it. 

However,  one  should  r^fer  critically  to  this  estimate,  inasmuch  as  durinp  burninr 
of  sulfur  fuels  oxides  of  ?>  and  "a  fcrr.  sulfates.  Therefore, it  was  interesting 
to  study  the  **f f-ef  iveness  of  action  of  and  CaSO^.  The  latter,  althourh  they 

also  lover  corrosion  of  steel  !?alT  (from  66  to  2C^)  are, nevertheless,  sirnificantly 
inferi°"  to  activity  of  oxides. 


(o^-7~ 


It  is  possible  to  assure  that  the  use  of  KpC  and  CaC)  will  have  the  greatest 
success  during  the  use  of  low-sulfur  fuel.  These  assur.ptions  should  be  checked  on 
real  turbine. 

2.  Aluminum.  oxide  (A^O-j)  and  r.arshal  ite  (SiCj)  in  assured  conditions  are 
insufficiently  active  additives. 

3.  Altr.inir:  silicates.  Additives  of  this  proup  deserve  special  attention 
during  use  of  sulfur  fuel. 

They  form  with  r.ur.erous  compounds  with  hiph  melting  point  and  their 
reaction  with  sulfates  proceeds  with  yield  of  oxides  of  sulfur: 

X^SO,  -f  - *  N*tO .  AlgO,  -  2SiO,  f  H£0,T1I,0 

kaolin 

Of  this  group,  rontr.orillonite  (close  in  effectiveness  to  KpO  gives  the  best 
result),  then  kaclin,  bentonite  of  Askania  and  Askania  clay,  the  worst  -  halloysite. 

Cost  of  this  proup  of  additives  is  low  and  arounts  to  from  2  to  6  kopecks  per 
1  t  of  fuel. 

With  increase  of  temperature  the  ability  of  additives  to  prevent  adhesion  of 
ashes  to  metal  worsens.  At  625°  this  ability  belonps  to  KgO,  montnorillonite, 
kaolin,  Zikeyevo  earth  (see  Fip.  la);  with  increase  of  temperature  to  750*  (Fip.  lb) 
this  ability  is  completely  kept  only  by  KpO  and  montmoril Ionite. 

Increase  of  temperature  also  worsens  the  ability  of  additives  to  decrease 
corrosion  of  ne*„«»2s.  Spending  on  grades  of  steel  the  effectiveness  of  additives 
chanp°s  somewhat.  In  this  respect  the  most  unfavorable  is  steel  FT4C5. 

On  the  basis  of  preliminary  work  on  selection  of  additives  and  check  of  best 
of  them  by  dynamic  method,  it  was  recommended  for  test  on  OTU  600-1.5  during  work 
on  sulfurous  black  oils  additives  rontmorillenite,  kaolin,  dolomite,  and  also  KgO, 
KpSO  and  KpC 10  as  the  most  effective. 


Testa  On  GTl*  600-1 .  5 


Experimental  operation  of  GTU  600-1.5  of  TIevskiy  factory  named  after  V.  I. 

Lenin  on  different  liquid  fuels  (physioo-chenical  characteristics  of  fuels  and 
composition  of  their  ashes  see  Tables  1  and  2)  showed  the  following. 

1)  On  low-sulfur  motor  fuel  DT-1  and  DT-2  turbine  works  reliably  without 
essential  jan  of  flow-through  part  of  it  fer  1  month;  however,  some  batches  of 
motor  fuel  cause  jam  of  turbine  aft*r  1  week, 

2)  0 n  sulfbnous  black  oils  LO  and  60  —  directly  distilled  and  containing 
produc's  of  cracking  —  combustion  chamber  works  satisfactorily.  However,  on  these 
black  oils  turbine  rapidly  jams  in  consequence  of  which  run  of  GTU  to  lowering  of 
its  capacity  is  twice  limited  to  1  —  2  twenty-four  hour  periods. 

3)  During  work  of  GTU  on  black  oils  LO  and  60,  containing  products  of  cracking, 
regular  burning  of  fuel -and  of  separate  particles  on  blades  of  turbine  and  wear  of 
burners  is  observed. 

L)  Deposits  of  ashes  basically  are  concentrated  on  first  row  of  guide 
(notior.l  eas)  blades  of  GTU. 

Cn  blades  of  first  row  of  rotor  there  are  ar$ roxirately  <*  times  less  deposits 
than  on  the  guide  blades  of  first  row. 

5)  Deposits  on  guide* and  rotor  blades  (see  Tabic  2)  have  approximately  the 
same  composition  as  ashes  of  black  oil.  Exception  is  calcium  and  nagnesitmi  oxides, 
of  which  in  deposits  there  is  1C  times  less  than  in  ashes  of  fuel. 

Deposits  from  regenerative  air  heater  contain  little  vanadium  and  sodium;  they 
basically  consist  of  iron  sulfates. 

6)  Deposits  on  blades  of  G7”  have  such  a  composition  that  they  can  be  removed 
without  opening  the  turbine,  by  means  of  washing  the  blades  with  hot  water.  Dlades 
after  such  washing  become  absolutely  clean. 

For  test  of  effectiveness  of  action  cf  additives  on  GTU  special  installation 
was  created  (Fig.  3),  whose  purpose  is  to  ensure  goed  nixirr  of  additives  (dry, 
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soluble  in  water  or  fuel)  with  fuel. 

Dry  additive  from  bin  1  by  means  of  ref  lated  feeder  3  is  fed  into  mixer  of 
preliminary  mixing  4*  into  which  simultaneously  through  outlying  float  chamber  5 
the  fuel  proceeds.  Paste  is  fed  continuously  by  plunger  pump  6  under  pressure  of 
20  —  40  at  into  glandless  mixer  7,  in  which  is  mixed  by  two  turbines  with  main 
flow  of  fuel .  In  glandless  mixer  rotor  of  electric  motor  revolves  in  gas  pad 
under  pressure  of  nitrogen. 

Liquid  additive  is  fed  from  service  tanks  9  by  plunger  pump  6  directly  into 
glandless  mixer  7. 

In  1959  on  GTU  with  use  of  this  installation  tests  were  conducted  of 
effectiveness  of  action  of  kaolin  during  work  of  turbine  on  black  oils  4C  and  60. 
Physico-chemical  properties  of  these  black  oils  and  composition  of  their  ashes  are 
given  in  Tables  1  and  2  (experiments  1—59*  3-59). 

Degree  of  Jam  of  turbine  during  work  on  black  oil  without  additive  and  with 
kaolin,  expressed  in  relative  decrease  of  carrying  capacity  of  flow-through  part 
(determined  by  Flugel's),  is  illustrated  by  straight  lines  shown  in  Fig.  4. 

Duration  of  work  of  turfci-e  on  black  oil  with  additive  without  essential  Jam 
rarared  to  be  increased  from  1-2  to  15  twenty- four  hour  periods. 

relatively  small  effectiveness  of  action  of  additive,  as  compared  to  forecast 
based  on  laboratory  data,  is  explained  by  interruptions  in  supply  of  kaolin 
(malfunctions  in  work  of  installation)  and  by  removal  of  burning  particles  in 
row-through  part  cf  turbine  (flashes  and  burring  of  particles  flyinr  throurh 
r'ades  were  visible  through  peepholes). 

Cor rounds  giving  ashes  during  combustion  and  contained  in  burning  coke-like 
high-ash  particles,  naturally  are  not  able  to  interact  with  additive.  These  heated 
particles  strik*  relatively  cold  blades  of  turbine  (600*),  and  bum  on  them,  forring 
ash  deposits.  Tn  these  conditions  action  of  additives  is  hampered. 


Table  1.  Phrsieo-Chemical  Properties  of  Fuels 


Table  2.  Composition  of  Ashes  of  Fuels  and  Deposits  With  GTU  600-1.5 
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Fi p.  3.  Diagram  of  installation  for  introduction  of  additive 
int>.  fuel. 

1—  in  of  feeder;  2— vibrator;  3— feeder;  4~ r.ixer;  5 — float 
charter;  6— pump *  ?— rixer5  bottle  with  inert  fas;  9— tanks 

for  preparation  of  additive  solution;  10— service  tank;  11— 
fuel  gaure. 

K:T:  (a)  Fu-'l:  (b)  Fuel  to  burners. 


Max-* 


Fif.  4.  late  of  Jan  of  turbine 
during  v  ?r k  of  OTU  on  liquid  fuel 
of  different  brands. 

1 — experiment  l-S";  PT-1 J  2— 
cxr crir.ent  3-59;  *'-lP  with  additive; 
3 — experiment  1-5?;  V-LC  with 
additive;  4 — experirent  2-5'’;  I'-C; 
5— experiment  1-59;  1*-^. 

KT-!Y:  (a)  P-rree  of  Jar  of  turbine 
blades;  (b)  7inv,  hr. 


Puring  complete  burning  of 
fuel  in  cor.bustion  char.ber  (when 
it  does  not  burn  or.  blades)  it  is 
possible  to  expect  freater  effec¬ 
tiveness  of  action  of  additive. 

Questions  of  vanaditn  corrosion 
and  ability  of  additive  to  prevent 
it  were  r.ot  studied  directly  on 
blades  of  turbine,  inasmuch  as 
temperature  of  fases  washing  ther 
did  not  exceed  600*. 


For  investigation  of  those  questions  at  07P  690—1.5  special  stand  was  created 
(Fig.  5).  Oases  fro-  combustion  chamber  at  900*  through  intake  pipe  1  pass 
water-cdoled  valve  2  and  are  divided  into  three  flews.  Tach  of  then  is  cooled  to 


c;*zs 


given  temperature  in  mixer  3  by  air  and  heads  to  chamber  A,  in  which  in  speci 
pack  are  placed  samples  of  metals  to  be  tested.  Then  gases  through  second  r 
head  to  collector,  where  they  are  additionally  cooled  by  air  and  enter  chlnne 

Temperature  of  gases  in  packs  is  recorded  by  electronic  potentiometer 
and  is  checked  with  the  help  of  electronic  regulators  of  7TI  construction  ar< 
remote  control  columns  with  accuracy  *  5*. 

First  prelir.inar:'  experiments  on  stand  showed  that  during  operation  of  C 
even  on  motor  fuel  DT-2  (Tables  1  and  2,  experiment  1-^0 ),  containing  les*  tl 
G.OQZ*!  V20j  during  only  200  hr,  there  is  clearly  expressed  vanadiir  corrosion 
steel  EI405,  EI612  and  ETalT  at  a  temperature  of  TOO  and  800*. 


Fig.  5.  diagram  cf  s*and  'or  vanadi\r.  corrosion. 

1— gas  intake  ripe;  ? — valve;  3 — rlx°rs;  A — chambers 
with  samples;  5— rerote  control  co I’rr.s. 

K'lY:  (a)  Has  discharge;  (b)  Air. 


fubsequent  tests  of  certain  fuels  on  0TU  with  use  of  stand  give  possibi 
*  -  definitive  norm  with  respect  to  content  of  ranadiur.  in  gas  turbine  fuels. 

Inuring  operation  of  0TU  cn  the  sane  motor  ftiel  with  additive  of  kaolin 
vanadlr:  corrosion  was  not  observed  or.  cne  of  tested  retals. 

!hjring  wor!'  of  077  or  black  oi'  A 7  (Tables  1  ar.d  2,  experiments  2-^0)  t) 


danger  of  varadiir-  corrosion  vas  revealed  In  still  greater  degree. 


At  60C°  the  surface  of  netals  was  covered  by  large  deposits,  but  corrosion 
was  net  observed.  At  700*  there  were  less  deposits,  but  some  netals  (F.I405)  were 
corroded  30^  and  more.  At  000°  there  were  almost  no  deposits;  corrosion  v?as  so 
great  that  some  netals  were  completely  turned  into  products  of  corrosion. 

Conclusions 

1.  In  laboratory  conditions  the  effectiveness  of  action  of  around  20  substances 
as  additives  to  fuel,  preventing  deposit  of  ashes  in  flow-through  part  of  turbine 
and  vanadiin  corrosion  of  blades  of  turbine  was  stuoiod  by  static  and  dynanic 
methods. 

The  best  of  then  were  recoirrended  for  operational  tests  —  montnorillonite , 
kaolin,  dolomite,  magnesium  oxide  and  sulfate. 

2.  !bcperir.ental  operation  of  gas  turbine  installation  with  capacity  of 
1500  hp  on  motor  fuel  DT-!  and  DT-2  and  on  sulfurous  black  oils  40  and  60  was 
conducted . 

Ttotor  fuel  containing  around  0.002"  vanadium  pentoxide  causes  noticeable 
corrorlnn  of  steel  KYalT,  FT4C5,  and  *11522  at  a  temperature  of  700*  and  above. 

!iomal  work  of  G7U  on  black  oil  docs  not.  cxc- '  I  2  twenty-four  hour  periods 
due  to  fast  jar.  of  fl ou-through  part  of  turbine  by  deposits. 

According  to  prel irinary  data,  kaolin,  added  in  concentration  of  0.2  wt.  7! 
to  black  oil,  lowers  Jam  of  turbine,  and  in  rotor  fuels  prevents  vanadium  corrosion 
of  indicated  steel  at  a  temperature  of  ga3  of  7C0-. 


two 


sc:::  data  cm  th use  of  AimccTiosivs  additives  to 

RESIDUAL  FUELS  COirTAIIJirG  VANADIUM  A!TD  SULFUR  . 

V.  C.  TTikolayeva,  A.  Ya.  Pukhnina, 

B.  I.  Komarov,  and  G.  I.  Levinson 

vwii  up* 

In  connection  with  development  of  oil-extracting  industry  chiefly  in  eastern 
regions  of  the  country  it  is  possible  to  expect  that  chief  mass  forms  of  gas 
turbine  fuels  will  be  obtained  from  sulfurous  oils,  which  contain  significant 
quantity  of  vanadium. 

In  residual  oil  products  obtained  at  oil  refining  factories,  content  of 
vanadium  is  approximately  the  following:  in  naval  black  oil  FS-5  (All-Union  State 
Standard  1626-57)  and  in  furnace  black  oil  20  0.003-0. 007^;  in  black  oils  40,  60, 
80  —  from  0.0C8  to  0.012  and  in  cracking-residual  up  to  0.020!*. 

Distillate  fuels,  obtained  from  sulfurous  crudes  (with  end  point  around 
4RO-5r'C°),  do  not  contain  vanadium  in  noticeable  quantities;  however,  content  of 
sulfur  remains  significant  in  them.  For  instance,  coking  distillates,  evaporating 
-  ithin  limits  of  150-5CC®,  contain  sulfur  up  to  2. 5-2. 8!^  and  vanadium  to  0.001*. 

Such  distillate  fuels  apparently  can  be  used  as  gas  turbine  and  motor  fuels 

♦All-Union  Scientific  Research  Institute  for  Oil  and  Gas  Refining  and  the 
Production  of  Synthetic  liquid  Fuel. 


vith  tin*  of  additives  removing  sulfur  corrosion. 

One  of  the  directions  of  work  on  louring  of  gas  corrosion  during  burning  of 
heavy  fuels  is  introduction  of  anticorrosive  additives  to  fuels. 

In  this  work  are  presented  results  of  research  of  corrosion  aggressiveness  of 
ash»*s  of  different  crudes  of  eastern  deposits,  and  also  the  influence  of  addition 
agents  containing  basically  magnesium,  silicon  and  alvaninvm. 

Study  of  Corrosion  of  Steel  In  laboratory  Cor.ditior.3 

In  laboratory  experiments  samples  of  steel  prepared  in  the  form  of  plates 
vith  dimension  around  30  X  10  X  4  rsn  were  investigated.  Hates  were  placed  in 
quartz  crucibles  and  heated  in  muffle  furnace  (control  experiments).  In  that 
same  furnace  were  placed  crucibles  with  plates  irr.ersed  in  ashes,  and  also 
crucibles  vith  plates,  ashes  and  anticorrosive  additive,  "jcperir.er.ts  were  conducted 
at  a  temperature  from  5CO  to  80 0°  for  10  hr.  and  in  separate  cases  50  hr.  latio  of 
weight  of  metal  to  weight  of  ashes  amounted  to  approximately  10:1. 

Scale  and  products  of  corrosion  were  removed  fron  plates  by  electrochemical 
r.etho  -  in  melt  of  alkali  and  soda  (40"'  "aC”  a r.d  'C*  l^COj)  at  a  temperature*  of 
450-5CC0. 

Corrosion  was  expressed  by  loss  of  weight  of  plates  in  p/r?  hr.  and  in  wt.  % 
with  respect  to  weight  of  initial  sample. 

In  laboratory  conditions  the  intensity  of  corrosion  of  steels  51481,  51417 
and  ET607  was  investigated  (and  also  some  others  used  for  study  of  corrosion  in 
gas  flow).  Steel  plates  of  needed  dimensions  were  cut  fay  cold  rcthod  Tji-.hout 
forring  from,  metallic  rods  257-370  rr.  in  length. 

As  corrosion  medium,  ashes  of  four  oils  were  investigated,  differing  among 
themselves  in  chemical  composition:  I)  high-sulfur  Tad  a  crude,  2)  sulfurous 
Honashkinskiy,  3)  somewhat  less  sulfurous  Tuyrazy  and  4)  low  sulfur  Zhirr.ovsk 
crude  with  low  content  of  vanadium.  Research  of  corrosion  action  on  metals  of 

k;>:z 
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ashes  of  sulfrrous  furnace  black  oil  60,  which  is  prepared  basically  from 
cracking-residuun  was  started  also. 

Results  of  spectral  analysis  of  ashes  of  pertrolern  residua  are  given  in 
Table  1. 


Table  1.  Composition  of  Ashes  of  Petroleum  Residua  on  the  Basis 

of  Spectral  Analysis* 


Ashes, 


Element 


Rorashkinskiy 

Tuymasy 

Zhimovsk 

Furnace 

crude  (V:Na“ 

crude 

crude  (V:Ua* 

black  oil 

=  l!5.7) 

(V:ra» 

=  1:17.3) 

6C  (V:Ka* 

=  1:1.7) 

=  1:2.6) 

Rada 

crude 

(V:La* 

«  1:1.5) 


Sodium . 

Chromium . 

Aluminum . 

Strontium. . . . 

fickel . 

Magnesium. . . . 
Manganese. . . . 

Silicon . 

Tin., . 

lead . . 

Calcium. . 

Vanadium**. . . 

Copper. . 

Zinc . 

Cota"!*. . 

Indium....... 

Iron . 

Silver . . 

Titanium . 

Molybdenum.. . . 


20 

0.0033 

0.26 

0.097 

0.78 

0.85 

0.15 

0.69 


4.4 

3.5 
0.033 

0.057 

3.4 

0.01 


8.5 

0.008 

1.01 

0.015 

1.7 

0.83 

0.069 

3.25 

0.13 

0.26 

3.4 

5.1 

0.066 

0.78 

0.125 

0.1 

8.3 

0.C045 

0.04 

?!c 


16 

0.0C15 

1.1 

0.018 

0.3 

1.1 

0.020 

1.1 

0.06 

<0.12 

4.5 
0.92 
0.051 

0.039 

2.6 
0.008 
0.03 

i  found 


15 

0.006 

0.44 

0.1 

1.3 

1.3 
0.021 
0.63 
0.03 

6.2 

5.8 

0.26 

0.13 

1.4 
0.03 


0.55 

0.012 

1.6 

0.54 

0.12 

0.165 


2.0 

11.1 

0.06 

0.12 

1.5 

0.023 


*Cirried  out  in  laboratory  of  spectral  analysis  VTII  (All-Union  Scientific 
search  Institute  for  Oil  and  Oas  Refining  and  the  Production  of  Synthetic  Liquid 
F  el). 

**Det.erained  by  analytic  method. 


As  anticorrosive  additives  clays  were  used:  Crimean  heel,  Troshkova,  dolomite, 
kaolin,  and  also  silicon  dioxide,  magnesium,  oxide,  magnesium  sulfate,  polyalky! - 
siloxane  and  others. 


G33 


A31  additives  were  thorourhly  pround,  dried  at  a  temperature  of  150®  and 
sifted  thro*:fh  sieves  of  15C-270  resh. 

Additives  wore  taken  in  three  concentrations  by  weight  with  respect  to  ashes 
1:1,  1:2  and  1:3. 

From  the  above-mentioned  additives  first  of  all  compotinds  of  macr.^siun  in  the 
form  of  rap r.*»siun  oxide  and  mapnesiun  sulfate  were  checked  (the  latter  can  be  used 
in  the  form  of  aqueous  solutions).  Investigation  of  anticorrosive  influence  of 
napnesium.  sulfate  in  laboratory  conditions  at  temperatures  of  800®  will  not 
completely  reflect  its  behavior  in  conditions  of  combustion  of  fuel,  which  occurs 
at  simifican*ly  hipher  temperatures  (temperature  of  decomposition  of  rapr.esiur. 
sulfate  with  formation  of  rapr.esiur.  oxide  is  equal  to  1124°).  It  is  possible  to 
assume  that  in  conditions  of  pas  flow  the  behavior  of  additives  (in  the  form  of 
mapnesi’ce  sulfate  and  maen*’si’T'  oxide)  is  identical. 

Compounds  containing  silicon  also  are  of  preat  interest,  since  they  do  not 
form  sulfates  durir.r  addition  tc  sul  furous  fuel,  and  significantly  increase  the 
meltinp  point  of  ashes  of  fuels  contain ir.r  vanadium. 

natural  clays,  investirated  as  additives  to  petroleum  ashes,  contained  the 
followirr  amount  (on  the  basis  of  heated  substance)  of  silicon  dioxide:  Crimean 
keel  of  Kurtscvo  deposit  up  to  (and  around  20"'  aluminun  oxide);  sample  of 
Troshkova  clay  of  Irkutsk  repior.  50.5^  (and  altminur  oxide  45/);  kaolin  up  to  40/. 
In  experiments  technical  silica  eel  ASK  was  used  also. 

For  comparison  and  estimate  of  separate  components  enterinp  into  the 
composition  of  natural  clays;  synthetic  silicon  dioxide  and  additives  containinp 
aluminum  oxide  5  and  25*  investipated. 

If  additive  possesses  pood  anticorrosive  properties,  then  after  heat  treatmen 
mixture  of  ashes  and  additives  is  not  sticky,  lipht  and  loose. 

Results  of  experiments  on  the  study  of  corrosiveness  of  petroleum  ashes  on 
heat-resistant  alloy  steels  and  influence  of  used  anticorrosive  additives  with 


ratio  of  ashes  to  additive,  equal  to.  1:3*  are  fiver*  in  Table  2  and  in  Fig.  1. 
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As  results  of  experiments  showed, 
corrosive  action  of  ashes  on  alloys  is 
lowered  with  addition  of  nagnesiun 
oxide  to  ashes  in  amount  1:1  by  weight. 

Steel  £1417  contains  large  amount 
of  chror.iun  as  compared  to  other  samples, 
whose  resistivity  to  vanadium  corrosin. 
apparently  is  high. 


Fig.  1.  Influence  of  addition 
of  clay  Crimean  keel  on  lowering 
of  corrosion. 

1— control  experiment;  2 — ashes; 

3 — ashes  and  iceel  (l :3)  - 

KEY:  (a)  Loss  of  weight  of  metal 

after  1  hour,  * . 


Good  results  were  obtained  with  the 
use  of  clay  keep  and  kaolin,  amount  of 
which  for  complete  removal  of  corrosive 
action  of  ashes  is  sufficient  from 


1:1  to  2:1  with  respect  to  ashes. 

With  the  use  of  synthetic  silicon  dioxide  or  silicon  dioxido  with  aluninm 
oxide  as  additives,  results  were  almost  the  same  as  with  the  use  of  clay  keel  or 
kaolin;  optimum  ratio  of  additive  to  ashes  will  be  3 si . 

Consequently,  it  is  more  expedient  to  use  cheap  natural  clays  with  high 
j  content  of  silicon  dioxide  and  some  content  of  alminun  oxide,  and  there  is  no 
necessity  to  obtain  for  this  purpose  purer  products  of  synthesis. 

During  comparison  of  obtained  data(from  approximately  15  experiments  on  the 
average)  on  the  corrosive  action  of  ashes  of  Romashkinskiy  crude  on  different 
alloys,  it  is  possible  to  say  that  for  steel  £1481  average  loss  of  weight  of  metal 
after  10  hr.  of  tests  at  a  temperature  of  800*  amounts  to  1.922  instead  of  0.33*# 
i  obtained  in  control  experiments.  For  steel  F.I417  average  loss  of  weight  of  metal 

s 

|  in  the  same  conditions  during  action  of  ashes  is  approximately  3  times  less  and 

\ 

i  amounts  to  0.'f>2  (and  in  control  exrerin*nts  0.16*).  The  least  losses  of  metal 
f  were  obtained  for  steel  £160'’  —  0.35*  with  ashes  and  0.062  in  control  ex;erir.ents. 


Table  2.  Influence  on  Corrosion  of  Steel  of  Ashes  of  ilorashkinskiy, 
Tuynazy^Rada  and  Zhimovsk  Crudes  and  Anticorrosive  Additives* 


Change  of  weight  of  plate 


Steel  KI481 

Steel  El 41 7 

Steel  Elu07 

Medium,  in  which  sample 
was  tested 

• 

g/n2  hr 

% 

g/ir.  hr 

% 

pf r.2  hr 

if 

With  ashes  of  Rorashkinskiy  crude  (vanadiur.  3*5^,  sodiun  20*) 


Control  experiment . * 

2.5 

0.33 

1.3 

0.16 

0.6 

0.06 

Ashes . . . 

16.3 

1.92 

5.9 

0.66 

3.5 

0.35 

Ashes  ♦  keel . 

2.0 

0.23 

0.2 

0.01 

0.6 

0.06 

Ashes  -*•  kaolin . . . 

1.4 

0.16 

0.9 

0.11 

0.8 

O.o? 

Ashes  4  synthetic  silicon  dioxide 

3.? 

0.43 

0.9 

0.10 

0.5 

0.C5 

Ashes  4  silica  gel  ASK . 

7.9 

0.67 

2.2 

0.20 

— 

— 

Ashes  +  dolomite . 

8.3 

0.9? 

1.5 

0.17 

1.3 

C.14 

Ashes  +  magnesiur.  oxide . . 

Ashes  4  crystallized  magnesium 

3.0 

0.35 

1.5 

0.15 

0.3 

0.C3 

sulfate . 

4.0 

0.36 

1.8 

0.18 

— 

— 

Ashes  4  Troshkova  clay . 

7.0 

0.89 

C.5 

0.04 

0.9 

0.07 

Ashes  4  ail  ieor.e . 

Ashes  *  synthetic  additive, 

9.5 

j 

1.33 

4.5 

0.48 

0.9 

C.15 

a)  silicon  dioxide  75 
*1  ur.ir.ur  cxide  25 

b)  silicon  dioxide  92 

»  — ^ 

1 

2.2 

0.2 

altr-inur  cxide  6 

— 

1  ~ 

— 

0.5 

C.C5 

V.'ith  ashes  of  Tuyrazy  crude  (var.ai;.T.  5.1*,  sodiix.  8.5*) 


With  ashes  of  nada  crude  (vandiur.  11. 1*,  sodiir;  17*!) 


Control  cxjerir.mt 

Ashes. . 

Ashes  •  kr*’? . 


2.3 

24.9 

2.2 


C.2*» 

3.09 

0.2*7 


0.8 

1.0 

2.5 


0.09 

1.30 

C.26 


4.3 
9.8 

8.4 


With  ashes  cf  furnace  black  oil  ■'<  (vanadiur  5.8  ,  sediur  15*) 


Control  experiment 

Ashes . 

♦  V^e? ..  ... 


1^9 

1.0 


0.13 

2.48 

0.22 


0.4 

3.5 

0.6 


With  ashes  of  3timcvsk  crud'*  ivaradi—*  0  .92* t  sodiur.  16") 


Control  experir^nt 

Ashes . 

Ashes  *  keel . 


3:1  by  weight. 


0.29 

0.7 

13.*’ 

1.52 

8.1 

3.8 

".44 

1 

5.2 

experii^r*  10  > 

1 

.  r  •  ax 

0.04  O.t 
C.37  1  6.5 
C.97  |  C.5 


C.5 

6.7 

1.2 


0.0*7 
0.91 
S  0.4r 


Control  experiment . 

1.3 

0.15 

0.6 

C.C5  I  0.7  | 

Ashes. . . . . . . . 

15.0 

1.86 

0.7 

C.72 

5.2 

Ashes  4  keel . 

0.? 

0.12 

C.2 

C.016 

0.7 

0.05 

0.50 

C.07 


0.04 

0.96 

C.C81 


C.04 

C.o* 

0.C5 


0.C5 
I  0.6*7 
C.12 
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Under  the  action  of  ashes  corrosion  of  metals  as  compared  control  experiments 
increases  on  the  average  6  times  for  steels  "1607  and  £1481  and  4  times  for  steel 
EI417. 

Increase  of  time  of  experiment  from  10  to  50  hr  leads  to  lowering  of  corrosion, 
calculated  per  unit  of  time. 

Study  of  Corrosion  of  Steels  in  Has  Flow 

Work  has  been  started  on  study  in  gas  flow  of  corrosive  action  of  vanadium, 
sodium  and  sulfur,  available  in  residual  fuels,  and  also  anticorrosive  additives 
to  fuel  on  materials  used  for  manufacture  of  blades  of  turbines  and  on  other 
materials. 

At  first  stage  work  was  conducted  on  sulfurous  diesel  fuel  with  additives  of 
elements  artificially  introduced  into  it,  both  causing  gas  corrosion  of  material 
of  blades  of  txirbir.es,  and  also  anticorrosive. 

As  raw  material  was  used  summer  diesel  f\iel  with  content  of  sulfur  of  1. 0-1,6*!. 

Vanadium  was  fed  into  combustion  chamber  in  the  form  of  aqueous  solution  of 
vanadyl  sul  fate  VCCO^  in  amount  necessary  for  obtaining  concentration  of  it  in 
fuel  to  0.02-0.04*. 

As  anticorrosive  additive  was  added  aqueous  solution  of  magnesium  sulfate 

rfso4  .  th2o. 

Weight  ratio  was  studied  7:!!g  ■  1:1.5  and  1:3. 

Tiesel  fuel  with  these  additives  was  burned  in  special  installation,  equipped 
ith  small -size  combustion  chamber  and  attachment  with  plates  of  materials  to  be 
investigated,  fixed  in  flow  of  gases  on  exit  of  combustion  chamber. 

Fbr  approximation  of  conditions  of  action  of  products  of  eocbustion  of  taels 
on  plates  of  th«  materials' to  be  investigated  to  the  conditions  of  work  of  blades 
of  "TU,  plates  are  secured  to  rotor,  mounted  on  ball  bearings.  During  test  rotor 
with  plates  revolves,  in  consequence  of  which  local  overheating  (possible  with 


notion! css  elates)  of  separate  plates  because  of  irregularity  of  tenperature  field 
of  flow  of  gas^s  proceeding  to  plates  is  reroved,  and  identical  action  of  products 
of  combustion  of  ffcels  on  all  plates  fixed  in  attachment  is  ensured. 

Diagram  of  installation  is  shown  in  Fig.  2.  In  diagram  of  small-size  combustion 
chamber  and  attachment  with  plates  are  sho-.m  system  of  supply  of  basic  fuel ,  in¬ 
cluding  fuel  tank  1,  filters  of  coarse  and  fine  purification  2  and  10,  fuel  punr  5, 
ftiel  preheater  9  and  instrument  3  for  measurement  of  fuel  consumption;  systems  of 
supply  of  aqueous  solutions  of  additives  to  fuel  and  directly  to  combustion  chamber 
(shown  by  dotted  line),  consisting  of  dosage  pump  6,  consumption  3  and  mixing  4 
tanks  An  I  burettes  7,  serving  for  adjustment  and  checking  of  supply  of  additive  by 
dosage  purr;  systems  of  supply,  consisting  of  compressor  11,  oil  separator  12, 
receiver  13  and  standard  measuring  washer  for  measurement  of  air  consumption  14; 
attachment  with  plates  15  and  combustion  chamber  16  with  starter  17. 

During  test  aqueous  solution  cf  additive  by  dosage  rump  was  fed  to  nixing 
tank,  fixed  on  line  of  suction  of  fuel  rump.  Surplus  of  fuel  was  dumped  through 
reduction  valve  into  mixing  tank;  thus,  during  v.t>rk  of  installation  part  of  fuel 
circuited  through  closed  contour,  which  ^nsur^d  rood  mixing  of  fuel  with  additive. 

However,  during  test  of  diesel  fuel  with  adiitiv''  of  vanadium  in  amount  of 
O.QL 5  with  respect  to  fuel,  there  occurred  intense  corrosion  of  mouth  of  atomizer 
of  burner,  which  caused  impairment  of  atomization  of  fuel  and  correspondingly, 
increase  of  deposit  of  scale  in  chamber  and  in  flow-through  part. 

Therefore,  it  was  necessary  to  refuse  introduction  of  this  additive  into  fuel. 
During  further  tests  additive  was  inject^c  directly  into  heat  pipe  of  combustion 
chamber. 

r*orrosicn  argressiver^cs  cr  fuels  is  determined  on  installation  ’.dth  srall- 
sixe  combustion  charber  by  the  following  method. 

1.  Hat^s  of  materials  to  b*»  tested  w*'re  weighed  on  analytic  scales  and 


secured  in  attachment. 


Fig.  2.  Diagram  of  installation  •rith  srall-size  corbustion  chamber, 
a— valve;  b— three-*.  *ay  cock;  c-~  indicating  manometers;  d — point  of 
measurement  of  temperature . 

2.  ’legir.e  of  srall-size  combustion  chamber  on  fuel  to  be  tested  (on  diesel 
fuel  with  additive)  established  the  follovdng. 


Consir.ption  of  air,  kg/sec . 0.25 

Temperature  of  air  on  entrance  into 

chamber,  *C . . .  SO 


Temperature  of  fuel  before  bu-ner,  *C .  100 

Humber  of  turns  of  rotor  of  attachment  with 
pla.tes  of  materials  to  be  tested,  r;m...  150C 
Tempeiature  of  products  of  combustion  before 
attachment  with  plates,  *C .  750 


On  this  regime  installation  *./orked  for  the  given  prolonged  time  in  5  hr  stages. 
3.  Corrosion  aggressiveness  of  fuel  and  action  of  additives  are  estimated  by 
loss  of  weight  of  plates  during  the  test. 

Data  on  cojrosion  aggressiveness  of  diesel  f\iel  with  additives  are  given  in 
Table  3. 


Aa  follows  from  Table  3#  products  of  combustion  of  sulfurcus  diesel  fuel  with 
vanadium  additive  in  amount  of  0.02^  with  respect  to  fuel  at  a  temperature  of  750° 
cause  loss  of  weight  of  plates  due  to  gas  corrosion. 


Table  3.  Influence  of  Vagnesiun  Sulfate  on  Change  of  Corrosion  of 
Different  !!etals  in  Has  Flow  on  Gna!  1-Size  Chamber  Installation* 


Brand  of  steel 

Change  of  weight  of  plate  after  experiment  in  the 
presence  of 

Vanadiir. 

Vanadium  and 
magnesium  (1:1.5) 

Vanadiu 

magnesi 

r.  and 
um  (1:3) 

f, 

f/r*2 

V. 

e/r-2 

tf 

,1 

fM 

F381 

0.170 

20.7 

0.039 

4.6 

0.037 

4.2 

HI607 

0.096 

11.8 

0.040 

4.9 

0.052 

6.0 

F3A17 

0.160 

18.6 

0.120 

14.2 

0.067 

7.8 

HI  612 

0.066 

8.6 

0.042 

5.6 

0.033 

4.3 

EI726 

0.058 

7.2 

0.028 

3.4 

0.040 

4.9 

*Tir.e  of  experiment  30  hr.  Temperature  of  experiment  750°. 


Addition  of  magnesium  sulfate  lowered  loss  of  meted  2-4  tines,  which  corresponds 
to  data  obtained  in  stationary  conditions.  Increase  (by  weight)  of  amount  of 
magnesium  sulfate  with  respect  to  vanadium  2  tires  did  not  essentially  change  the 
obtained  results. 

During  test  in  conditions  of  action  of  centrifugal  forces  on  plates,  plate  of 
steel  GT417  turned  out  to  be  less  stable  to  gas  corrosion.  Desides  increased  loss 
of  weight  of  plates  of  this  steel  ,  on  their  shafts  deep  cavities  were  formed, 
causing  br**ak  of  blades. 

Results  obtained  during  work  of  installation  are  prel ir.  inary}  however,  they 
confirm  th~  above-stated  resul*s  of  anticorrosive  action  of  rarr.esitr*.  sulfate 
during  burning  of  fuels  containing  vanadium. 

At  Kolorenskiy  dies"!  locomotive  building  factory  together  with  71TII  M  was 
studied  the  influence  of  high-9'il fur  fuel  vd*h  small  content  of  vanadlu*.  (less 
than  C.C05'*)  or.  corrosion  wear  of  steels  of  different  brands. 


Qie  of  such  furls  is  distillate  of 


itact  coking,  rccorr.ended  by.  V?HI  !  as 


|  ft a  turbine  fuel  for  Tanspcrt  installations. 

Fbr  clarification  of  corrosive  action  of  gases  obtained  during  burning  c  ' 

f 

I  tested  fuel,  on  unilocular  stand  behind  combustion  charber  were  placed  sample  of 

i 

?  eetallic  plates  of  steels  2XJ*81,  H6C7,  11417  and  ”1723.  Define  of  corrosivr 

f 

■?  wear  of  samples  was  detemined  Just  as  in  laboratory  experiments  —  by  loss  c  ' 

S 

;  weight  of  plates,  expressed  in  wt.  .  Pata  shoved  that  corrosive  wear  after  1  O-hour 

X 

t  test  was  insignificant. 

Degree  of  corrosion  did  not  exceed  magnitudes  which  were  obtained  in  lac  rat  ory 

■fr 

I  conditions  at  a  temperature  of  800*  in  r.ediisr.  of  »ir  and  were  close  to  data  c  - 

* 

!  tained  during  work  on  diesel  fuel  on  small-site  charber  installation. 

i 

Conclusion 

Compounds  of  ragnesiur.  an14  silicon  ar*°  recommended  as  anticorrosive  addJ  :ve 
for  vide  stand  tests  during  burning  of  sulfurous  residual  gas  turbine  fuels. 


USE  OP  !!Ktrr?AI.IZI?:G  SUBSTANCES  II!  l‘CTOP.5  V.’OPjaiJC  C!T 
HIGH- SUL  FIT!  DIE5SL  RJ  .  IS 

B.  V.  Losikov,  !'.  S.  SrJ.rr.ov,  L.  A.  Aleksandrova,  I.  A. 

Rubinstein,  L.  T.  Ochcretyanyy  ar.d  !!.  Dncprov 

For  "neutralization"  of  appressive  oxides  of  sulfur  to  sulfurous  fuels  it  was 
suppested  tc  add  salts  of  alkali  metals  and  weak  orpanic  acids,  zinc  narhthenate 
and  certain  other  products,  in  particular  colloidal  copper  and  orpanic  phosphites 
and  ar.ines  [I].  The  opinion  was  declared  that  the  action  of  ar.ir.es  is  based  on 
their  ability  to  for r.  durinp  cor.bustior.  arm.onia,  bindinp  oxides  of  sulfur  [2], 

In  foreign  literature  in  recent  years  thcr*  have  appeared  rany  reports  of 
advertising  and  patent  character  about  additives  to  hiph-sulfur  fuels. 

There  are  data  that  the  majority  of  these  additives  are  complicated  mixtures 
of  aromatic  hydrocarbons,  more  frequently  honclopues  of  narthalene,  with  different 
netalorpanic  compounds  or  aminos,  easily  soluble  in  fuel  [1]. 

Authors  conducted  prolor.ped  tests  of  dies"!  fuels  containing  up  to  1.25^ 
sulfur,  with  additive  0.5-0. 8^  of  mixture  of  crpar.ic  amines  (content  of  nitroper. 
11-14^).  Experiments  showed  th"  ability  of  ar.ines  to  lower  corrosive  wear  and 
varnish-deicsit  in  motors  durir.p  their  operation  on  hiph  sulfur  fuel;  however, 
practical  significance  of  this  method  is  small,  since  orpanic  amines,  as  other 
additives  to  fuel,  are  effective  only  when  their  content  in  fuel  reaches  0.6-1.C5, 
which  is  absolutely  unacceptable. 


Gi*i 

*  f  fW 


Proceeding  from  the  evident  position  that  effective  beginning  in  organic 
amines  is  amine  group,  authors  suggested  to  introduce  arr.onia  or  some  amoniun 
salts  directly  into  suction  system  of  rotor*. 

First  experiments,  conducted  in  1956  on  motor  lCh*^*^3,  working  on  fuel 
containing  1.25!^  sulfur,  with  supply  into  suction  system  of  20"!  aqueous  solution 
of  ammonium  carbonate  (0.03*  of  fuel,  on  the  basis  of  (MH^^COj),  gave  very 
favorable  results  —  lov.-ering  of  wear  2-3  tires  and  complete  prevention  of  scale 
and  varnish- format  ion  and  sticking  of  piston  rings.  Later  these  experiments  were 
repeated  on  a  number  of  motors  working  on  fuels  containing  ur  to  1.6*  sulfur, 
with  supply  to  suction  system  of  from  0.08  to  0.1 6^  (by  weight  to  fuel)  of  gaseous 
amonia. 

Obtained  curves  of  dependence  of  wear  of  rotor  2ChT~*^^  with  radioactive 
piston  rings  working  on  fuel  containing  1.6*  sulfur,  on  concentration  of  additives 
in  oil  and  amount  of  ammonia  supplied,  show  (Fig.  2)  that  the  use  of  arcconia 
(0.08?!  of  i^iel)  lowers  wear  to  the  magnitude  which  is  observed  during  work  of 
motor  on  low-sulfur  fuel.  For  achievement  of  such  a  result  with  the  help  of  the 
most  effective  additives  to  oil  (IP-22  and  IFfll  fT-360**)  it  is  necessary  to  use 
them  10-12  vt. *  of  oil.  If  we  take  the  average  consumption  of  oil,  equal  to  5$ 
of  fuel,  then  consumption  of  these  additives  will  amount  to  0.5-0. 6  vt.%  of  fuel, 
i.e.,  6-?  times  more  than  consumption  of  ammonia. 

In  Fig.  2  is  shown  the  kinetics  of  wear  of  motor  during  work  on  oil  AS-9.5 
with  different  additives  and  on  the  same  oil  without  additive^  but  with  supply  of 
ammonia. 

♦Author's  certificate  No  115811,  issued  by  Corsnittee  or  Matters  of  Inventions 
and  Discoveries  attached  to  the  Council  of  Ministers  of  USSR  by  declaration  No  571926 
of  25/IV,  1957. 

♦♦Additive  designated  by  number  and  name  of  institute,  All-Union  Scientific 
Research  Institute  for  Oil  and  Cas  Refining  and  the  Iroduction  of  Synthetic  liquid 
Fuel. 


Analogous  data  were  obtained  on  rotors  IT-9-3  -and  ICh 
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Simultaneously  the  formation  of  varnishes  and  scales  sharply  decreases  and 


sticking  of  piston  rings  completely  is  prevented. 


Increase  of  consianption  of  arronia  to  0.I6£  of  fuel  leads  to  further  improve¬ 


ment  of  antiwear  effect  (Fig.  l). 
(a) 


Fig.  1.  Average  rates  of  weag  . 
of  piston  rinps  of  motor  2Ch~*^'  1 
during  work  on  oil  with  different 
additives. 

1— Tsiatim-339*;  2— IP-22t  ;  3— 
VNII  NF-360  ;  4 — NH_ ;  5— DS,  All- 
Union  State  Standal*d  4749-49. 

KEY:  (a)  Imp/nin;  (b)  Additive  to 
oil,  %;  (c)  Additive  to  fuel,  !^. 


•Additive  designated  by  nar.e  of 
institute.  Central  Scientific 
Research  Institute  of  Aviation 
Fuel  and  Oils 


Fig.  2.  Rate  of  wear  of  piston 
rings  of  motor  2Ch"®*5/H  during 
work  on  oil  AS-9.5  with  different 
additives  (fuel  containing  1.57# 
sulfur) . 

2 — ammonia,  oil  without  additive; 

2 — fuel  according  to  All-Union 
State  Standard  4749-49,  oil  without 
additive;  3 — oil  with  additive 
VNTI  NY -360 ;  4— oil  with  3/ 
additive  DF-1;  5 — oil  with  3* 
additive  Tsiatim-339;  6 — oil  without 
additive. 

KEY:  (a)  Imp/min;  (b)  Time  of  work 
of  motor,  min. 


Prolonged  tests  of  engines  ED-6  and  !'-50f  on  fuels  containing  1.20  and  1.57^ 
sulfur  with  supply  cf  ammonia  completely  confirmed  its  effectiveness.  Some  results 
of  these  tests  are  presented  in  Tables  1  and  2. 

In  TSNII  MPS  (Central  Scientific  Research  Institute  of  Ministry  of  Railroads) 
60C-hour  tests  were  conducted  of  engine  2D10C  on  fuel  containing  1.1??  sulfur,  with 
supply  of  0.14*  arr.cnia,  which  also  gave  satisfactory  results  (Tables  3  and  4). 


Table  1.  Average  Wear  of  Kali)  Parte  of  Ehgine  ZD-6  After  500-Hour  Tests 


/ 

Dui 

•in*  work  of  mo 

tor 

t 

i 

i 

> 

1 

%  | 

it 

Wear  of  parts  of  motor 

On  sulfurous 
fuel  S  “  1.25* 
and  oil  KK-22 
with  3*  tsiatim- 
339 

On  fuel  S  * 
1.2*  with 
supply  of 
amoonia 

0.16*  and 
on  oil 
without 
additive 

On  fuel  S  * 
1.57*,  with 
supply  of 
ammonia  0.16$ 
and  on  oil 
without 
additive 

m  ) 

Pistons,  ms . 

0.078 

0.034 

0.021 

i 

% 

Cases  of  cylinders,  mm . . 

0.026 

0.011 

0.027 

Main  journals  of  crankshaft,  am.. 

0.008 

0.004 

— > 

3 

Connecting  rod  journals  of 
crankshaft,  ran . . . 

0.006 

0.004 

u 

j 

Piston  rings: 

average  loss  of  weight,  g...... 

0.170 

0.077 

0.080 

; 

average  increase  of  gap,  mm,... 

0.120 

0.110 

0.100 

loss  of  electricity,  kg . 

0.210 

0.050 

0.130 

Consequently,  use  of  gaseous  ammonia,  fed  together  with  air  directly  into 
'  chylinder  of  engine,  is  in  principle  a  new  and  extraordinarily  effective  means  of 
surmounting  difficulties  appearing  during  use  in  engines  of  high-sulfur  fuels. 

Tests  of  engines  M-50f  and  2D100  showed  expediency  of  supply  of  amnonia  with 
use  of  oil  with  commercial  additive  tsiatim-339  during  -»rk  of  engine  on  A»el 
containing  more  than  1*  sulfur. 

Analysis  of  exhaust  for  content  of  SO2  and  SO3  during  work  of  engine  on 
sulfurous  fuels  without  supply  of  amnonia  and  with  amnonia  showed  sharp  decrease  of 
content  of  SOj  in  the  second  case  with  simultaneous  proportional  increase  of  share 
of  SO2  in  exhaust  gases,  as  is  shown  in  Figs.  3  and  4, 

Sharp  decrease  of  content  of  sulfuric  anhydride  with  simultaneous  proportional 
■  increase  of  quantity  of  S02  in  products  of  combustion  completely  explains  (in  the 
case  of  use  of  ammonia)  how  significant  is  decrease  of  we*r  of  motor,  and  also  de¬ 
crease  of  formation  of  scale  and  varnishes  observed  with  this  on  hot  parts  of  motors, 
simulated  in  absence  of  amnonia  by  sulfuric  anhydride  dissolved  in  oil. 
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Table  2.  Average  Wear  (in  nan)  of  Main  Parts  of  Engine  M-50f 


After  tests  of  engine 

Wear  of  parts  of  engine 

on  sulfurous  fuel 

5  -  1.2*,  with 
supply  of  ammonia 
3.15*  and  on  oil 
®-22  with  3* 
tsiatia-339 

on  nonsulphurous 
fuel  and  on  oil 
MK-22 

Cases  of  cylinders..... . 

0.027 

0.037 

Pistons . . 

0.038 

0.045 

Average  Increase  of  gap  in 
lock  of  piston  ring . 

0.06 

0.10 

Kain  journals  of  crankshaft.... 

0.0026 

0.0030 

Inserts  of  sain  supports . . 

o.oa 

0.015 

Connecting  rod  journals  of 
crankshaft . . . 

0.0023 

0.003 

Inserts  of  connecting  rods . 

0.010 

0.008 

Bushing  of  piston  head  of 
connecting  rod . 

0.017 

0.018 

Table  3*  Wear  of  Haln  Parts  of  Engines  2D100  after  600-Hour  Work 


After  tests  on  diesel  fuel 
All-Union  State  Standard 
305-58.  S  «  1.1*  and 

Wear  of  parts  of  motor 

■ 

Cylinder 

On  oil  DSp-11 
All-Union  State 
Standard  8581-57 

With  supply 
of  0.14*  NH' 
and  on  oil 
DSp-11  All- 
Union  State 
Standard 
8581-57 

Wear  of  pins,  cm 

Lower 

0.043 

0.035 

Upper 

0.051 

0.036 

Increase  of  gap  of  first  compressor 

Lower 

0.990 

0.800 

rings 

Upper 

0.625 

0.305 

Wear  of  first  conpressor  rings  on 

Lower 

0.510 

0.330 

radius  at  1-st  point 

Upper 

0.240 

0.160 

Decrease  of  weight  of  first  piston 

Lower 

8.120 

6.850 

rings,  g 

Upper 

4.550 

3.390 

Wear  of  journals  of  upper  crankshaft, 

Kain  and 

0.033 

0.028 

connecting 
rod  bearings 

0.009 

0.009 

Table  4*  Scale  and  Varnish- Fermat  ion  In  2D100  Ehgir.es  after  600- Hour  Work 


Amount  of  deposit  and  state  of  rings 

With  supply  of 

Without  supply 
of  annonia 

Quantity  of  scale  in  exhaust  collector,  g.... 

1558 

2146 

Quantity  of  scale  in  exhaust  windows,  g . 

575 

1016 

Weight  of  deposits  in  centrifuge,  g . . 

Piston  rings,  piece: 

1025 

2060 

burning . . . . . . . 

1 

9 

dense . . . 

mm 

4 

In  first  approximation  processes 
of  formation  of  varnishes  and  scales, 
stimulated  by  SOj  or  sulfuric  acid, 
can  be  subdivided  into  two  types. 

1.  Condensation,  involving 
aromatic  hydrocarbons,  aldehydes  and 
peroxide,  for  instance  according  to 


I' 


Fig.  3.  Content  of  S02  and  SO^  y* 
exhaust  gases  of  engine  lCh~10»5/13. 
a — fuel  with  content  of  1.6£  sulfur, 
without  supply  of  anaemia;  b—  fuel 
with  content  of  1.6£  sulfur  with 
supply  of  annonia  (3  liters/hr). 

1— SO2  +  SO3;  2 — SOo;  3 — SOj. 

KKIt  (a)  Content  or  SOj  and  SO3, 
mg/150  liters;  (b)  Load  N#,  Jf. 


diagram  of  Kastyukov  (3,  4]: 
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Oxidation  and  further  condensation  of  formed  naphthene  aromatic  structures 
should  proceed  easily  and  rapidly  with  formation  of  high-molecular-weight  simulated 
oxygen-containing  compounds. 

2.  tarnation  of  diarylsulfones,  occurring  as  a  result  of  interaction  of 
sulfuric  anhydride,  sulfuric  acid  and  sulfonic  acids  with  aromatic  hydrocarbons 
according  to  diagram: 


SO,+Arll-«ArSOjil 
|l,NO,+.\r!l  -*.\rSO,ll :  |Li» 
AfSOJI  r  Aril  -♦ArsO,-  ,\r  ;  ll.i» 


(4) 

(5) 

(6) 


During  liquid-phase  oxidation  of  sulfurous  diesel  fuels  the  authors  experimen¬ 
tally  separated  sulfonic  acids  [5]  and  showed  that  their  concentration  in  oxidized 
products  depends  on  the  content  of  sulfur  in  initial  samples. 

Investigation  of  deposit  obtained  after  liquid-phase  oxidation  of  Tuymazy 
diesel  fuel  containing  1%  sulfur  showed  that  it  in  significant  part  consists  of 
compounds  with  general  formula  •  SOj  [5]. 


Wg.  4.  Content  of  S0?  and  S0-»  in  exhaust  gases 
of  engine  2Ch~®’5/ll. 

a— fuel  with  content  of  1.251  sulfur  without  supply 
of  ammonia {  b—  fuel  with  content  of  1.25?  sulfur 
with  supply  of  aBoonia  (3  liters/hr). 

1— SOj  "t  SO3J  2— SOjj  3^02* 

KET:  (a)  Content  of  SO?  and  SO-i,  mg/ 150  liters; 

(b)  Load  t.  2  J 


This  confirms  the  significant  role  of  sulfonic  acids  (and,  consequently,  SO3) 
la  the  process  of  formation  of  deposits  in  oil  and  cylinder  of  engine.  Consequently 
with  the  use  of  sulftarous  diesel  fuels  success  in  struggle  with  clogging  of  engine 
la  significant  measure  depends  on  effectiveness  of  means  preventing  appearance  of 

so,. 

Obtained  results  (Figs.  3  and  k)  indicate,  apparently,  the  ability  of  ammonia 
to  retard  oxidation  of  SO2  into  SO3. 

For  formation  of  SOj  from  SO2  a  significant  energy  content  and  presence  of 
catalysts  is  required. 

During  combustion  of  sulfides,  comprising  larger  part  of  sulfurous  compounds 
of  diesel  fuels,  COj,  H2O  and  SO 2  are  easily  formed.  However,  this  direction  of 
reaction  is  not  the  only  one;  during  liquid-phase  oxidation  of  sul fur-containing 
diesel  fuels  sulfides  are  turned  into  sulfoxides  and  sul  Tones  according  to  the 


diagrams  [6,  7,  8]: 


Booji+it*--uis-  nair  non  r’ui,  cjijir 

o 

BoofiTRTiia->o-<jr,R' -♦non  n'-tjij-v-ijur 


Sul  Tones  do  not  destroy  peroxides  and  are  oxidized  by  molecular  oxygen  with 


formation  of  sulfonic  acids  or  with  direct  yield  of  SOj,  which  should  be  observed 
during  high-temperature  oxidation: 


o 

■*-ail-s-rji,-R*+ot-*R,-air>soI-tji-R*  •  in  10 

1 

u 


r-Qi>-vot~cjia*>ol  -*  R'-ai,-sol-ai~  r* 

A-d 


(») 

(10) 


Formation  of  SC^  from  sulfide  is  facilitated  if  in  pre-ignition  period  the 
latter  succeeds  in  being  oxidized  into  sulfoxide  or  sulfone. 

Direction  of  attack  of  oxygen  on  CH2  —  group,  adjacent  to  SO2  group,  is  in 
accordance  with  idea  about  great  mobility  of  its  hydrogen  atoms. 

In  this  ease,  apparently,  selective  oxidation  will  be  observed,  leading  to 
first  formation  of  SO3,  still  before  complete  combustion  of  all  ftoel  occurs. 
Consequently,  in  cylinder  of  engine  situation  is  created  with  which  duration  of 
stay  of  SO3  is  greater  than  of  other  intermediate  products  of  reaction,  which 
ensures  possibility  of  interaction  of  SO-j  and  H2SO4,  formed  on  cooled  surfaces, 
with  oil  and  products  of  oxidizing  decomposition  of  hydrocarbons,  as  was  shown 
above. 

From  the  suggested  mechanism  of  appearance  of  SO^  it  follows  that  for  retarding 
the  process  of  its  formation  it  is  necessary  to  prevent  oxidation  of  sulfides.  It 
is  necessary  to  assume  that  larger  part  of  sulfones  and  their  peroxides  (or  peroxide 
radicals)  will  be  formed  during  temperature  oxidation  of  drops  of  atomized 
fbel.  Consequently,  it  is  necessary  to  ensure  destruction  of  peroxides  (or  their 
radicals)  of  sulfides,  sulfoxides  and  sulfones  in  vapor  phase. 

*  Action  of 'dononia  is  connected,  apparently,  with  its  ability  to  react  with 
peroxides  of  sulfur  compounds  and  their  radicals  and  thereby  to  prevent  oxidation 
of  sulfur  to  sulfuric  anhydride.  Action  of  ammonia  presumably  can  be  described 
by  following  diagrams  of  radical  reactions: 


n*-  a*  *  mi,  — *R— -fii,— 

(break  of  chain  of  oxidizing  process) 


(12) 


r  (ii  H"rxii.-.ir-soJ-Qi  vu.-ir 

(break  of  chain  of  oxidizing  process  and  formation  of  molecule 

of  antioxidant) 
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from  the  given  diagram  It  is  clear  that  the  action  of 


is  not  a 


monophasic  process.  Radicals  KH  and  NHj,  formed  In  the  process  of  reaction,  p lay 
role  of  active  inhibitors  of  vapor  phase  oxidation  of  sulfones,  undergoing  in 
usual  conditions  In  cylinder  of  engine  oxidising  decomposition  earlier  than  hydro¬ 
carbons. 

In  the  suggested  diagram  eesaonia  fulfills  functions  analogous  to  functions  of 


antiknock  compounds  of  motor  fuels. 
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Proceeding  from  shat  has  been  de¬ 
scribed,  it  is  possible  to  assume  that 
introduction  of  strong  antiknock  compound 
into  sulfurous  diesel  Aael  should 
effectively  promote  decrease  of  concen¬ 
tration  of  SOj  in  products  of  combustion. 


This  position  was  confirmed  by  experiments: 

Pin.  5.  Rate  of  wear  of  piston  rings 

of  engine  2C(r8*  work  on  introduction  of  2  ml  of  liquid  P-9 

Awl  with  addition  of  T.E.L. 

1— diesel  fUtl  OS,  ill-tfeion  State  (0.23C  T.B.t.)  per  1  kg  of  fuel  containing 
Standard  4749-49;  2— suIAktou*  diesel 

AmI  with  addition  of  0.2*  T.E.L. ;  1-573C  eulfttr  lowered  3  times  the  conceo- 

3— the  tame  fbel  without  addition  of 

T.E.L.  trution  of  50*  in  exhaust  gases  of  engine 

KETi  (a)  Imj^ln;  (b)  Time,  sin. 


n:u 


% 


arn-8-5Al  (from  22  Kg  to  6  mg  per  100  liters  of  gases).  With  this  the  share  of 
S02  was  increased  correspondingly. 

On  the  same  motor  with  radioactive  piston  rings  during  addition  to  fuel  of 
T.E.l.  kinetics  cf  sear  of  piston  rings  was  established  (Pig.  5). 

Diagrams  of  wear  we:*e  removed  during  work  of  motor  on  ftel  containing  1.57% 
sulfur,  on  the  same  fuel  with  addition  of  0.2%  T.E.L.  and  with  low-sulftur  diesel 
fuel  D5,  All-Union  State  Standard  4749-49  (0.15/C  sulfur). 

As  can  be  seen  from  Jig.  5#  addition  per  1  kg  of  fuel  of  2  sa  of  liquid  P-9 
lowers  rite  of  wear  of  piston  rings  approximately  60%.  Exceeding  of  degree  of  wear 
of  ring  .3  obtained  on  low- sulfur  fuel  DS,  All-Union  State  Standard  4749-49,  amounts 
to  in  this  case  as  against  150%  during  work  without  addition  of  T.E.L. 

What  has  been  said  confirms  explanation  of  mechanism  of  formation  of  SO3  in 
diesel  fUel  and  action  of  ammonia  as  means  retarding  the  process  of  formation  of 
SO3.  Simultaneously,  the  new  (in  principle)  direction  in  the  solution  of  problem 
of  the  use  of  high- sulfur  fuels  in  engines  was  established. 
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ANTIOXIDANTS  FOR  FUELS 


I.  V.  Rozhkov,  2.  A.  Sablina,  A.  A.  Gureyev,  and  Tc.  N.  Kornilova 

Antioxidants  air  necessary  for  automobile  gasolines  containing  components  of 
thermal  and  catalytic  cracking,  for  ethylated  aviation  gasolines  of  direct 
distillation,  for  jet  propellants,  tractor  kerosenes  and  diesel  fuels. 

Needs  of  practice  make  it  necessary  to  study  peculiarities  of  action  of 
inhibitors  of  oxidation  depending  on  properties  of  the  oil  product,  which  should 
be  protected  from  oxidation  by  molecular  oxygen. 

The  influence  was  investigated  of  certain  inhibitors  on  kinetics  of  oxidation 
of  kerosene  fraction  of  fuel  containing  5.5^  unsaturated  hydrocarbons  (fraction 
150-250  of  synthine).  Fuel  (50  ml)  was  oxidized  at  130°  by  atmospheric  air  without 
mixing.  Antioxidants  (diphenylamino,  paraoxydiphenylardne,  a-naphthylamine, 
hydroquinone ,  0-naphtol,  "Ionol")  were  introduced  into  fuel  both  up  to  beginning, 
and  also  in  process  of  oxidation. 

K.  I.  Ivanov  and  Ye.  D.  Vilyanskaya  (1-3)  on  the  basis  of  research  on  oxidation 
of  petroleum  oils  suggested  to  divide  antioxidants  into  three  groups  depending  on 
action  on  kinetics  of  oxidizing  process  in  its  different  stages  (classification  of 
antioxidants  is  listed  in  given  collection  in  article  of  K.  I.  Ivanov,  Te.  D. 
Vilyanskaya  and  A.  A.  Luzhetskiy,  see  p.  239). 
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Conducted  research  showed  that,  according  to  the  character  of  influence  on 
oxidation  of  synthlne,  all  investigated  antioxidants  should  belong  to  group  III. 

Effectiveness  and  mechanism  of  action  of  inhibitors  of  oxidation  are  not 
detemined  only  by  structure  of  the  inhibitor  itself,  but  depend  on  a  number  of 
factors,  in  particular  on  type  of  oxidized  hydrocarbons.  This  conclusion  agrees 
teell  with  positions  of  theory  of  chain  reactions  [4].  In  a  decisive  manner  the 
■nrfcinliu  of  action  of  Inhibitor  depends  on  chemical  composition  of  fuel  to  be 
oxidised  also  when  oxidation  of  the  latter  is  initiated  by  nonhydrocarbon  additive 
contained  in  fuel.  For  instance,  during  oxidation  of  aviation  gasolines  containing 
around  0.l£  molecular  (0.33  wt.  %)  tetraethyllead  (T.E.L.),  initiation  and 
development  of  oxidizing  process  in  significant  degree  are  determined  by  free 
radicals  of  two  types,  supplied  by  T.E.L. 

n  ecju*  -»  Pb  <<y  *• 

It  was  established  [5]  that  antioxidants  of  phenol  type,  able  effectively  to 
retard  oxidation  of  fuels  containing  unsaturated  hydrocarbons,  and  also  sulfanilamide 
caspounds  and  disulfides  (which  are  exclusively  effective  antioxidants  for  oils) 
do  not  at  all  retard  the  process  of  decomposition  of  T.E.L.  in  ethylated  aviation 
gasolines.  This  fact  is  explained,  apparently,  by  incapability  of  shown  anti¬ 
oxidants  to  localize  alkyl  lead  radicals. 

Significant  effectiveness  is  possessed  by  shielded  alkylphenols  (for  instance, 
"Jono!")  and  aminophenols.  Representative  of  the  latter  —  paraoxydiphenylamine , 
found  practical  application  as  antioxidant  for  native  ethylated  aviation  gasolines. 

Additives,  distinguished  by  mechanism  of  action  on  oxidation  of  hydrocarbons 
Li  absence  of  T.E.L.,  during  liquid-phase  oxidation  of  ethylated  gasolines  all 
belong  to  retarders  only  of  group  II  (6].  This  is  explained  by  the  fact  that  in 
conditions  of  liquid-phase  oxidation  T.E.L.  decomposes  with  formation  of  active 
products  easier  thar  peroxides  of  hydrocarbons  of  saturated  structure,  and  initiates 
decomposition  of  peroxides.  Influence  of  peroxides  on  kinetics  of  oxidation  of 


aviation  gasolines  is  not  determining.  Main  role  is  played  by  active  products  of 
decomposition  of  T.E.L. ,  identically  fomed  both  in  the  beginning  and  also  during 
development  of  oxidation.  Therefore,  antioxidants  effective  for  ethylated  aviation 
gasolines  are  not  distinguished  by  kinetic  mechanism  of  their  action. 

fbr  stabilisation  of  ethylated  aviation  gasolines  usually  is  taken  0.004-0.005 
wt.  %  of  paraosydiphenylamine .  According  to  All-Union  State  Standard  1012-54, 
the  period  of  stability  of  aviation  gasolines  after  addition  of  paraoxydipheny- 
1  amine  should  be  not  less  than  8  hr,  which  ensures  possibility  of  storLig  them 
without  loss  of  condition  for  3-4  years. 

For  checking  the  chemical  stability  of  aviation  gasolines  with  respect  to  the 
period  of  stability,  we  developed  a  special  method  [6]. 

In  I960  a  new  Instrument  was 
designed  for  determination  of 
periods  of  stability  of  aviation 
gasolines,  used  eir.  iitaneously  for 
checking  the  stability  of  ethyl 
liquid  and  thermal  stability  of  jet 
propellants.  This  instrument  (Fig. 

1)  is  a  thermostat,  having  aluminum 
bath,  in  hollows  of  which  are  in¬ 
serted  four  little  bombs  of  stainless 
steel.  Little  bombs  have  threadless 
self-sealing  locking  device.  Fuel 
(25  ml)  is  poured  into  small  glass 
beakers,  placed  inside  the  little  bombs.  Operating  temperature  (110°)  is  maintained 
with  accuracy  +1*. 


Fig.  1*  Instrument  for  determination 
of  stability  of  fuels. 

1— alumimm  bath;  2— insulation; 

3— electrical  plate;  4 — little  bombs; 
5—cover  over  little  bomb;  6—contact 
thermometer;  7 — checking  thermometer; 
8 — support;  relay. 


fbr  thrift/  expenditure  of  antioxidants,  correct  selection  of  their  concen¬ 
trations  has  great  value.  Antioxidants,  besides  their  own  direct  purpose  —  break 
of  chains  of  oxidation,  are  expended  on  side  reactions.  In  particular,  impractical 
expenditure  of  antioxidants  essentially  is  influenced  fa/  metals,  especial  1/  copper 
and  its  alloys  [11].  The  higher  the  initial  concentration  of  antioxidant,  the 
greater  amount  of  it  is  expended  on  side  reactions.  The  most  economical  method  of 
stabilisation,  of  fuels  is  continuous  introduction  into  fuel  of  liquid  antioxidant 
in  small  doses,  or  submersion  in  volume  of  fuel  of  definite  quantity  of  slightly 
soluble  solid  antioxidant  [11]. 

In  recent  years  for  obtaining  of  automobile  gasolines  products  of  catalytic 
processes  have  been  used  more  widely.  Autogasoline  A- 72  contains  around  70%  of 
component  of  single-stage  catalytic  cracking  and  has  high  induction  period  (500- 
-1200  min). 

However,-  in  "strict"  conditions  of  storage  this  gasoline  is  oxidized  very 
rapidly  (for  instance,  at  45-50°  after  40  days  of  storage  the  content  of  actual 
resins  in  gasoline  was  increased  from  4  to  36,  and  after  85  days  —  to 
1200  mg/100  ml).  Therefore, gasolines  of  catalytic  cracking,  as  is  also  done 
abroad,  must  be  stabilized. 

Of  substances  investigated  by  us,  the  most  effective  turned  out  to  be  anti¬ 
oxidant  FCb-l6;  addition  of  this  antioxidant  in  concentration  of  0.03  vt  %  allows 
us  to  obtain  completely  stable  gasoline  of  single-stage  catalytic  cracking. 

Antioxidant  PCh-16  is  phenols,  extracted  from  waters  of  semicoking  of 
'eremkhovskiy  coals;  content  of  phenols  in  conmercial  product  is  more  than  85%  • 

According  to  laboratory  research  [8,  9],  PCh-l6  for  fuels  containing  un¬ 
saturated  hydrocarbons  (gasolines,  kerosenes,  components  of  diesel  fbel),  is  the 
most  effective  antioxidant,  exceeding  (during  comparison  in  practically  used 
concentrations)  wood-tar  antioxidant,  "lonol"  and  paraoxydiphenylaaine. 


Autonobile  gasoline  containing 
71. 2*  component  of  thermal  cracking, 
and  aria t ion  Axel  containing  30* 
cracking  component,  ye  re  stabilized 
by  addition  of  FCh-16  (respectively 
0.065 %  on  cracking  component  and 
0.05  wt.  %  on  prepared  fuel)  and 
were  placed  in  storage  in  real 


Fig.  2.  Influence  of  antioxidants 
on  surface  tension  of  fuel  of  ex¬ 
panded  fractional  composition 
(60-260*). 

1 — fuel  without  additive;  2 — with 
0.05*  FCh-16;  3—  with  0.05* 
"Ionol";  4— with  0.C1*  paraoxydi- 
phenylarine. 

KEY:  (a)  Surface  tension  erg/car; 
(b)  Temperature,  *C. 


conditions  in  southern  zone  in 
region  of  Baku.  During  2.5  years 
of  storage  rise  of  actual  resins 
and  increase  of  acidity  in  fuels 
was  not  observed.  These  data, 
obtained  during  experimental 

storage  of  fuels  in  real  conditions,  once  again  indicate  that  product  FCh-16  is 
highly  effective  antioxidant  for  fuels  containing  unsaturated  hydrocarbons. 

For  fuels  of  expanded  fractional  composition  antiwear  properties,  have  great 
operational  value  since  these  fuels  have  lower  "lubricating  ability"  than  kerosenes 
(10].  Antiwear  properties  of  fuels  render  significant  influence  on  period  of 
service  of  fuel  pumps  [10]. 

Additive  FCh-16,  Just  as  other  industrial  antioxidants  —  paraoxydiphenylamine 
and  "Ionol",is  surface  active  material  (Fig.  2)  and  increases  antiwear  properties 
of  fuels. 

Antioxidants  are  necessary  not  only  for  jet  propellants  containing  components 
of  thermal  cracking,  but  possibly  also  for  jet  propellants  obtained  fay  direct 
distillation.  At  high  temperatures  (150-200*),  characteristic  for  conditions  of 
supersonic  flight,  in  aviation  kerosenes  insoluble  deposits  are  formed.  These 
deposits  are  products  of  oxidation,  mainly  of  nonhydrocarbon  (sulfur,  nitrogen. 


oayge n  and  other)  compounds  contained  In  fuels  of  direct  distillation.  Stability 
•f  fUels  against  influence  of  high  temperatures  obtained  .the  name  of  thermal 
stability. 

During  prolonged  storage  of  fuels  their  thermal  stability  worsens;  analogous 
affect  is  observed  also  during  artificial  "aging’'  of  fuels. 

Addition  to  fUels  of  antioxidants  protects  them  from  aging  in  process  of 
•feonge  and  allows  us  to  preserve  initial  level  of  thermal  stability  of  fuels 
(Pig.  3). 


Seme  antioxidants  (for  instance,  "Ionol")  can  not  only  preserve  the  thermal 
stability  of  fuels  during  storage,  but  during  addition  in  increased  (around  0.52) 
concentrations  also  Increase  it.  However,  "Ionol"  effectively  delays  formation 
of  deposits  in  fUels  only  up  to  a  temperature  of  150*. 


Setr^L  £  C*  .  .ft)  r>pj  Cuc-c  .*  n  -  p-.u  C  *j  \ 

**^«\C jOMS'/m  (b Jcofau  t"!.*  u  J*r*‘u*T* 

\c/  3mi *am 

Fig.  3.  Influence  of  antioxidants  on  thermal  stability 
of  fuels  during  their  "aging"  (temperature  50*,  period 
of  storage  4  months). 

I — fuel  T-5;  II— fuel  T-l;  1— up  to  storage;  2— after 
storage. 

KET:  (a)  Deposit  during  oxidation  in  LSA  at  150*, 
mg/100  alt  (b)  Without  additive:  (c)  With  "Ionol"  0.052; 
(d)  paraojgrdiphenylanine  with  Ionol  0.052  and  de-»~ 

activator  of  metal  0.012. 


Additives,  possessing  not  only  antioxidant,  but  simultaneously  also  dispersive 
(peptizing)  properties,  most  effectively  increase  the  thermal  stability  of  fUels, 
(see  table). 


Influence  of  Stabilizing  end  Dispersion  Agents  on  Increase 
of  Thermal  Stability  of  Fuels 


• 

FUels 

Test  temper¬ 
ature,  •C 

Thermal 

stability, 

min 

without 

idditlve 

with  addition 
of  stabilizing 
and  dispersion 
agent 

T-5 

180 

90 

>300 

T-5 

200 

240 

>300 

SulfUrous  diesel 

160 

10 

>300 

Thermal  stability  of  fUels  in  Table  2  is  expressed  as  time  (in  minutes)  of 
clogging  by  deposits  of  filter  of  laboratory  installation,  simulating  fuel  system 
of  motor. 


Conclusions 

1.  Effectiveness  and  mechanists  of  action  of  inhibitors  of  oxidation  are  not 
determine  2  only  by  structure  of  the  inhibitor  itself,  but  depend  on  type  of 
oxidised  hydrocarbons  and  presence  In  fuel  of  monhjdrocarbos  additions  (for 
instance,  T.E.L.). 

2.  Pbr  fuels  containing  unsaturated  hydrocarbons,  the  most  effective  anti¬ 
oxidant,  exceeding  wood-tar  antioxidant,  "lonol"  and  paraoxydlphenylamine,  is 
product  FCh-16.  Additive  FCh-16  simultaneously  increases  also  the  antiwear 
properties  of  fuels. 

3.  Antioxidants  are  necessary  also  for  a erne  fuels  of  direct  distillation 
(for  instance  Jet),  to  prevent  significant  lowering  of  "thermal  stability"  of 
these  fuels  daring  prolonged  storage. 
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